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Description 

FIELD OF THE INVENTION 

5 [0001] The present invention relates to a photopolymerizable material which can be used for image-forming mate- 
rials such as three-dimensional formation, holography, lithographic printing plate material, color proof, photoresist and 
color filter, or for photocurable resin materials such as ink, coating material and adhesive. More specifically, the present 
invention relates to a photopolymerizable composition suitable as a lithographic printing plate material capable of so- 
called direct plate-making, which can directly making a plate from digital signals of a computer or the like using various 

w lasers. 

BACKGROUND OF THE INVENTION 

[0002] At present, high-output and compact lasers are easily available, which is a solid laser, a semiconductor laser 
15 or a gas laser each radiating an ultraviolet ray, a visible ray or an infrared ray at a wavelength of from 300 to 1 ,200 nm. 
These lasers are very useful as a light source in the recording for directly making a plate from digital lasers of a com- 
puter or the like. 

[0003] A large number of studies have been made on the recording material having sensitivity to various laser rays 
and representative examples of the recording material include the foHowings. 

20 [0004] The first is a material which has photosensitive wavelength of 760 nm or more and can be recorded by an 
infrared laser, and for this material, a positive-working recording material described in U.S. Patent 4,708,925 and an 
acid catalyst crosslinking-type negative working recording material described in JP-A-8-276558 are known. 
[0005] The second is a recording material having sensitivity to an ultraviolet or visible laser ray at a wavelength of 
from 300 to 700 nm and for this material, a large number of recording materials are known, such as a radical polymer- 

25 ization-type negative recording material described in U.S. Patent 2,850,445 and JP-B-44-20189. 

[0006] On the other hand, materials having sensitivity to light at a short wavelength of 300 nm or less or an electron 
beam are important particularly as a photoresist material. In recent years, integrated circuits are more and more inten- 
sified in the integration and in producing a semiconductor substrate for ultra LSI and the like, working of an ultrafine pat- 
tern comprising lines in the width of a half micron or less is involved. To satisfy this, the exposure apparatus for the 

30 photolithography is required to emit light of shorter wavelengths and use of a far ultraviolet ray or an excimer laser ray 
(e.g., XeCI, KrF, ArF) is being studied. Use of even art electron beam is being attempted for the formation of an ultrafine 
pattern. The electron beam in particular is highly promising as a light source for the pattern-formation technologies in 
the coming generation. 

[0007] These image-forming materials all have a common problem to be solved and this is to what extent the ON- 
35 OFF of the image can be expanded in the energy-irradiated area and the non-irradiated area, namely, to simultaneously 
attain both high sensitivity and storage stability of the image-forming material. 

[0008] Usually, the radical photopolymerization system has high sensitivity but due to the polymerization inhibition 
by oxygen in air, the sensitivity greatly decreases. Therefore, means of providing a layer capable of shutting out oxygen 
on the image-forming layer is employed. However, when a layer capable of shutting out oxygen is provided, fogging in 
40 turn occurs due to the dark polymerization and the storage stability is deteriorated. Accordingly, it is heretofore difficult 
to simultaneously attain both high sensitivity and storage stability, and none of conventional techniques is satisfied in 
. the results. Thus, a new technique not known in the past is being demanded. 

SUMMARY OF THE INVENTION 

45 

[0009] Accordingly, an object of the present invention is to provide a photopolymerizable composition capable of 
successfully ensuring both high sensitivity and excellent storage stability, as a radical photopolymerization-system com- 
position which is highest in the sensitivity and very promising out of the image-forming techniques. Particularly, the 
object of the present invention is to provide a photopolymerizable composition suitable as a lithographic printing plate 

so material capable of making a printing plate directly from digital data of a computer or the like by the recording using a 
solid laser or semiconductor laser which emits an ultraviolet ray, a visible ray or an infrared ray. 
[0010] As a result of extensive investigations, the present inventors have found that when a compound having a 
specific polymerizable group is used in the photopolymerizable composition, the above-described object can be 
attained. More specifically, the present invention has the following constructions. 

55 [0011] A photopolymerizable composition comprising a compound having a structure represented by the following 
formula (I) and a photopolymerization initiator: 
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'COX 2 



(I) 



10 wherein X 1 and X 2 each independently represents a hetero atom or a halogen atom, R a and R b each independently 
represents a hydrogen atom, a halogen atom, a cyano group or an organic residue, and X 1 and X 2 , R a and R b , or X 1 
and R a or R b may combine with each other to form a cyclic structure. 

[0012] Conventionally, the most general radical polymerizable compound is a monomer, oligomer or polymer hav- 
ing an acrylic acid ester group, an acrylic acid amide group, a methacrylic acid ester group or a methacryiic acid amide 
15 group each having high polymerizability. However, these are subject to the polymerization inhibition due to oxygen and 
when such a compound is used in a photopolymerizable composition, the object of simultaneously attaining both high 
sensitivity and storage stability cannot be attained. 

[001 3] With respect to the constituent component of the polymer, compounds (monomer) having an a-hetero-sub- 
stituted methyl acryl group or an cc-halogen-substituted methyl acryl group are known, each group having polymeriza- 
20 bility comparable to the acrylic type. Unlike an itaconic acid group or a-alkyl acryl group having a substituent at the 
same a-position but having low polymerizability, those compounds are considered to be improved in the polymerizabil- 
ity as a constituent component of a polymer due to the electronic effect and the steric effect of a hetero atom or halogen 
atom substituted to the a-position. 

[0014] The present inventors have found that when a compound containing a structure having a polymerizable 
25 group substituted at the a-position by a hetero atom or a halogen atom is used together with a photopolymerization ini- 
tiator in a photopolymerizable composition, the problem of conventional radial polymerizable compounds, namely, the 
above-described polymerization inhibition by oxygen can be greatly reduced and both high sensitivity and excellent 
storage stability which are commonly demanded for photopolymerizable compositions can be simultaneously attained. 
[001 5] The mechanism for reducing the polymerization inhibition by oxygen is not clearly known, however, the com- 
30 pound having a structure represented by formula (I) for use in the present invention is extremely small in the stop rate 
constant, though the polymerization growth rate constant is not so high as compared with conventional acryl or meth- 
acryl types, therefore, a reaction with oxygen difficultly occurs at the time of chain propagation, as a result, the com- 
pound is considered to become unsusceptible to the effect of polymerization inhibition by oxygen. 

35 DETAILED DESCRIPTION OF THE INVENTION 

[0016] The compound for use in the present invention is characterized in that the compound has a structure repre- 
sented by formula (I) and has at least one polymerizable group. 

[0017] The structure represented by formula (I) may assume a monovalent substituent or a divalent or greater 

40 valence substituent or may assume one compound by itself on the condition that R a , R b , X 1 and X 2 in formula (I) all rep- 
resents a terminal group. When the structure represented by formula (I) assumes a monovalent substituent or a divalent 
or greater valence substituent, at least one of R a , R b , X 1 and X 2 in formula (I) has one or more bond. Furthermore, X 1 
and X 2 each may assume a linking group having likable positions in the number of n and the terminals may be linked 
with the group represented by formula (I) in the number of n (n is an integer of 2 or more) (multimer). 

45 [0018] Also, the compound may be bonded to a polymer chain through at least one of X 1 and X 2 . In other words, a 
form such that the structure represented by formula (I) is present in the side chain of a polymer chain may be used. 
Examples of the polymer chain include a linear organic high molecular polymer which is described later. Specific exam- 
ples thereof include vinyl-based polymers such as polyurethane, novolak and polyvinyl alcohol, polyhydroxy-styrene, 
polystyrene, poly(meth)acrylic acid ester, poly(meth)acrylic acid amide and polyacetal. These polymers may be either 

so a homopolymer or a copolymer. 

[001 9] In formula (I), X 1 and X 2 each represents a hetero atom or a halogen atom but may assume a terminal group 
or may be linked with another substituent (the substituent includes, as described above, the structure of formula (I) and 
a polymer chain) by assuming a linking group. The hetero atom is preferably a nonmetallic atom and specific examples 
thereof include oxygen atom, sulfur atom, nitrogen atom and phosphorus atom. Examples of the halogen atom include 

55 chlorine atom, bromine atom, iodine atom and fluorine atom. 

[0020] X 1 is preferably a halogen atom or when X 1 assumes a linking group and another substituent is linked there- 
with, preferably represents a group such as hydroxyl group, substituted oxy group, mercapto group, substituted thio 
group, amino group, substituted amino group, sulfo group, sulfonate group, substituted sulfinyl group, substituted sulfo- 
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nyl group, phosphono group, substituted phosphono group, phosphonate group, substituted phosphonate group, nitro 
group or heterocyclic group (provided that the substituent is linked through a hetero atom). 

[0021] X 2 is preferably a halogen atom or when X 2 assumes a linking group and another substituent is linked there- 
with, preferably represents a group such as hydroxyl group, substituted oxy group, mercapto group, substituted thio 
5 group, amino group, substituted amino group or heterocyclic group (provided that the substituent is linked through a het- 
ero atom). 

[0022] In the case where X 1 and X 2 assumes a linking group and another substituent is linked therewith, the group 
may assume a linking group having linkable positions in the number of n by eliminating n hydrogen atoms from the 
group and the terminals may be linked with the group represented by formula (I) in the number of n (n is an integer of 2 
w or more). 

[0023] Also, X 1 and X 2 may combine with each other to form a cyclic structure. 

[0024] R a and R b each independently preferably represents hydrogen atom, a halogen atom, a cyano group or an 
organic residue such as a hydrocarbon group which may have a substituent and may contain an unsaturated bond, a 
substituted oxy group, a substituted thio group, a substituted amino group, a substituted carbonyl group or a carboxylate 

15 group. Also, R a and R b may combine with each other to form a cyclic structure. 

[0025] Examples of each substituent of X 1 , X 2 , R a and R b in formula (I) are described below. 
[0026] Examples of the hydrocarbon group which may have a substituent and may contain an unsaturated bond 
include an alkyl group, a substituted alkyl group, an aryl group, a substituted aryl group, an alkenyl group, a substituted 
alkenyl group, an alkynyl group and a substituted alkynyl group. 

20 [0027] The alkyl group includes a linear, branched or cyclic alkyl group having from 1 to 20 carbon atoms and spe- 
cific examples thereof include a methyl group, an ethyl group, a propyl group, a butyl group, a pentyl group, a hexyl 
group, a heptyl group, an octyl group, a nonyl group, a decyl group, a undecyl group, a dodecyl group, a tridecyl group, 
a hexadecyl group, an octadecyl group, an eicosyl group, an isopropyl group, an isobutyl group, a sec-butyl group, a 
tert-butyl group, an isopentyl group, a neopentyl group, a 1-methylbutyl group, an isohexyl group, a 2-ethylhexyl group, 

25 a 2-methylhexyl group, a cylohexyl group, a cyclopentyl group and a 2-norbornyl group. Among these, linear alkyl 
groups having from 1 to 12 carbon atoms, branched alkyl groups having from 3 to 12 carbon atoms and cyclic alkyl 
groups having from 5 to 10 carbon atoms are preferred. 

[0028] The substituted alkyl group results from the bonding of a substituent and an alkylene group. The substituent 
is a monovalent nonmetallic atom group exclusive of hydrogen atom and preferred examples thereof include a hydrogen 

30 atom (e.g., -F, -Br, -CI, -I), a hydroxyl group, an alkoxy group, an aryloxy group, a mercapto group, an alkylthio group, an 
arylthio group, an alkyldithio group, an aryldithio group, an amino group, an N-alkylamino group, an N,N-dialkylamino 
group, an N-arylamino group, an N,N-diarylamino group, an N-alkyl-N-arylamino group, an acyloxy group, a carbamoy- 
loxy group, an N-alkylcarbamoyloxy group, an N-arylcarbamoyloxy group, an N.N-dialkylcarbamoyloxy group, an N.N- 
diarylcarbarnoyloxy group, an N-alkyl-N-arylcarbamoyloxy group, an alkylsulfoxy group, an arylsulfoxy group, an 

35 acylthio group, an acylamino group, an N-alkylacylamino group, an N-arylacylamino group, a ureido group, an N-alky- 
lureido group, an N , ,N , -dialkylureido group, an N'-arylureido group, an N'.N'-diarylureido group, an N'-alkyl-N'-arylureido 
group, an N-alkylureido group, an N-arylureido group, an N'-alkyl-N-alkylureido group, an N'-alkyl-N-arylureido group, 
an N'.N'-dialkyl-N-alkylureido group, an N'.N'-dialkyl-N-arylureido group, an N'-aryl-N-aikylureido group, an N'-aryl-N- 
arylureido group, an N\N'-diaryl-N-alkylureido group, an N'.N'-diaryl-N-arylureido group, an N'-alkyl-N'-aryl-N-alky- 

40 lureido group, an N'-alkyl-N'-aryl-N-arylureido group, an alkoxycarbonylamino group, an aryloxycarbonylamino group, 
an N-alkyl-N-alkoxycarbonylamino group, an N-alkyl-N-aryloxycarbonylamino group, an N-aryl-N-alkoxycarbonylamino 
group, an N-aryl-N-aryloxycarbonylamino group, a formyi group, an acyl group, a carboxyl group and a conjugate base 
group (hereinafter referred to as carboxylato), an alkoxycarbonyl group, an aryloxycarbonyl group, a carbamoyl group, 
an N-alkylcarbamoyl group, an N,N-dialkylcarbamoyl group, an N-arylcarbamoyl group, an N,N-diarylcarbamoyl group, 

45 an N-alkyl-N-arylcarbamoyl group, an alkylsulfinyl group, an arylsulfinyl group, an alkylsulfonyl group, an arylsulfonyl 
group, a sulfo group (-S0 3 H) and a conjugate base group thereof (hereinafter referred to as a sulfonato group), an 
alkoxysulfonyl group, an aryloxysuifonyl group, a sulfinamoyl group, an N-alkylsulfinamoyl group, an N,N-dialkylsulfi- 
namoyl group, an N-arylsulfinamoyl group, an N,N-diarylsulfinamoyl group, an N-alkyl-N-arylsulfinamoyl group, a sulfa- 
moyl group, an N-alkylsulfamoyl group, an N,N-dialkylsulfamoyl group, an N-arylsulfamoyl group, an N,N- 

50 diarylsulfamoyl group, an N-alkyl-N-arylsulfamoyt group, an N-acylsulfamoyl group and a conjugate base group thereof, 
an N-alkylsulfonylsulfamoyl group (-S0 2 NHS0 2 (alkyl)) and a conjugate base group thereof, an N-arylsulfonylsulfamoyl 
group (-S0 2 NHS0 2 (allyl)) and a conjugate base group thereof, an N-alkylsulfonylcarbamoyl group (-CONHS0 2 (alkyl)) 
and a conjugate base group thereof, an N-arylsulfonylcarbamoyl group (-CONHS0 2 (allyl)) and a conjugate base group 
thereof, an alkoxysilyl group (-Si(0 alkyl ) 3 ), an aryloxysilyl group (-Si(0 allyl) 3 ), a hydroxysilyl group (-Si(OH) 3 ) and a 

55 conjugate base group thereof, a phosphono group (-P0 3 H 2 ) and a conjugate base group thereof (hereinafter referred 
to as a phosphonato group), a dialkylphosphono group (-P0 3 (alkyl) 2 ), a diarylphosphono group (-P0 3 (aryi) 2 ), an alky- 
iarylphosphono group (-P0 3 (alkyl)(aryl)), a monoalkylphos phono group (-P0 3 H (alkyl)) and a conjugate base group 
thereof (hereinafter referred to as an alkylphosphonato group), a monoarylphosphono group (-P0 3 H(aryl)) and a con- 
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jugate base group thereof (hereinafter referred to as an arylphosphonato group), a phosphonooxy group (-OP0 3 H 2 ) 
and a conjugate base group thereof (hereinafter referred to as a phosphonatooxy group), a dialkylphosphonooxy group 
(-OP0 3 (alkyl)2), a diarylphosphonooxy group (-OP0 3 (aryl) 2 ), an alkylarylphosphonooxy group (-OP0 3 (alkyl)(aryl)), a 
monoalkylphosphonooxy group (-OP0 3 H(alkyl)) and a conjugate base group thereof (hereinafter referred to as an 
5 alkylphosphonatooxy group), a monoarylphosphonooxy group (-OP0 3 H(aryt)) and a conjugate base group thereof 
(hereinafter referred to as an arylphosphonatooxy group), a cyano group, a nitro group, an aryl group, an alkenyl group 
and an alkynyl group. 

[0029] Specific examples of the alkyl group in these substituents include the above-described alkyl groups and spe- 
cific examples of the aryl group include a phenyl group, a biphenyl group, a naphthyl group, a tolyl group, a xylyl group, 

10 a mesityl group, a cumenyl group, a chlorophenyl group, a bromophenyl group, a chloromethyl phenyl group, a hydrox- 
yphenyl group, a methoxyphenyl group, an ethoxyphenyl group, a phenoxyphenyl group, an acetoxyphenyl group, a 
benzoyloxyphenyl group, a methylthiophenyl group, a phenylthiophenyl group, a methylaminophenyl group, a dimethyt- 
aminophenyl group, an acetylaminophenyl group, a carboxyphenyl group, a methoxycarbonylphenyl group, an ethoxy- 
phenylcarbonyl group, a phenoxycarbonylphenyl group, an N-phenylcarbamoyl phenyl group, a phenyl group, a 

15 nitrophenyl group, a cyanophenyl group, a sulfbphenyl group, a sulfbnatophenyl group, a phosphonophenyl group and 
a phosphonatophenyl group. Examples of the alkenyl group include a vinyl group, a 1-propenyl group, a 1-butenyl 
group, a cinnamyl group and a 2-chloro-1-ethenyl group, and examples of the alkynyl group include an ethynyl group, a 
1-propynyl group, a 1-butynyl group, a trimethylsilylethynyl group and a phenylethynyl group. 

[0030] Examples of the acyl group (R4CO-) include those where R4 is hydrogen atom or the above-described alkyl, 

20 aryl, alkenyl or alkynyl group. 

[0031] Examples of the alkylene group in the substituted alkyl group include a divalent organic residue resulting 
from the elimination of any one hydrogen atom on the above-described alkyl group having from 1 to 20 carbon atoms 
and preferred are a linear alkylene group having from 1 to 12 carbon atoms, a branched alkylene group having from 3 
to 12 carbon atoms and a cyclic alkylene group having from 5 to 10 carbon atoms. Specific preferred examples of the 

25 substituted alkyl group include a chloromethyl group, a bromomethyl group, a 2-chloroethyl group, a trifluoromethyl 
group, a methoxymethyl group, a methoxyethoxyethyl group, an allyloxymethyl group, a phenoxymethyl group, a meth- 
ylthiomethyl group, a tolylthiomethyl group, an ethylaminoethy! group, a diethylaminopropyl group, a morpholinopropyl 
group, an acetyloxymethyl group, a benzoyloxymethyl group, an N-cyclohexylcarbamoyloxyethyl group, an N-phenylcar- 
bamoyloxyethyl group, an acetylaminoethyl group, an N-methylbenzoylaminopropyl group, a 2-oxoethyl group, a 2-oxo- 

30 propyl group, a carboxypropyl group, a methoxycarbonylethyl group, a methoxycarbonylmethy! group, a 
methoxycarbonylbutyl group, an ethoxycarbonylmethyl group, a butoxycarbonymethyl group, an allyloxycarbonylmethyl 
group, a benzyloxycarbonyl methyl group, a methoxycarbonylphenylmethyl group, a trichloromethylcarbonylmethyl 
group, an allyloxycarbonylbutyl group, a chlorophenoxycarbonyl methyl group, a carbamoylmethyl group, an N-methyl- 
carbamoylethyl group, an N,N-dipropylcarbamoylmethyl group, an N-(methoxyphenyl)carbamoylethyl group, an N- 

35 methyl-N-(suIfbphenyl)carbamoyl methyl group, a sulfopropyl group, a sulfobutyl group, a sulfonatobutyl group, a sulfa- 
moylbutyl group, an N-ethylsulfamoylmethyl group, an N.N-dipropylsulfamoyl propyl group, an N-tolylsulfamoylpropyl 
group, an N-methyl-N-(phosphonophenyl)suIfamoyloctyl group, 



40 
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a phosphonobuty! group, a phosphonatohexyl group, a diethylphosphonobuty! group, a diphenylphosphonopropyi 
group, a methylphosphonobuty! group, a methylphosphonatobutyl group, a tolylphosphonohexyl group, a tolylphospho- 
natohexyl group, a phosphonooxypropyl group, a phosphonatooxybutyl group, a benzyl group, a phenethyl group, an a- 
methylbenzyl group, a 1-methyf-1-phenylethyl group, a p-methylbenzy! group, a cinnamy! group, an allyl group, a 1-pro- 
penylmethyl group, a 2-butenyl group, a 2-methylallyl group, a 2-methylpropenyl methyl group, a 2-propynyl group, a 2- 
butynyl group and a 3-butynyt group. 

[0032] Examples of the aryl group include a condensed ring formed by from 1 to 3 benzene rings and a condensed 
ring formed by a benzene ring and a 5-membered unsaturated ring, and specific examples thereof include a phenyl 
group, a naphthyl group, an anthryl group, a phenanthryl group, an indenyl group, an acenaphthenyl group and a fluore- 
nyl group, with a phenyl group and a naphthyl group being preferred. 

[0033] The substituted aryl group results from the bonding of a substituent to an aryl group and includes those hav- 
ing a monovalent nonmetallic atom group exclusive of hydrogen atom as a substituent on the ring-forming carbon atoms 
of the above-described aryl group. Preferred examples of the substituent include the above-described alkyl groups, 
substituted alkyl groups and substituents for the substituted alkyl group. Specific preferred examples of the substituted 
aryl group include a biphenyt group, a tolyi group, a xylyl group, a mesityt group, a cumenyl group, a chlorophenyl group, 
a bromophenyl group, a fluorophenyl group, a chloromethylphenyl group, a trifluoromethyiphenyl group, a hydroxyphe- 
nyl group, a methoxyphenyl group, a methoxyethoxyphenyl group, an allyloxyphenyl group, a phenoxyphenyl group, a 
methylthiophenyl group, a tolylthiophenyl group, a phenylthiophenyl group, an ethylaminophenyl group, a diethylami- 
nophenyl group, a morpholinophenyl group, an acetyloxyphenyl group, a benzoyloxyphenyl group, an N-cyclohexylcar- 
bamoyloxyphenyl group, an N-phenylcarbamoyloxyphenyl group, an acetylaminophenyl group, an N- 
methylbenzoylaminophenyl group, a carboxyphenyl group, a methoxycarbonylphenyl group, an allyloxycarbonylphenyl 
group, a chlorophenoxycarbonylphenyl group, a carbamoylphenyl group, an N-methylcarbamoylphenyl group, an N,N- 
dipropylcarbamoyl phenyl group, an N-(methoxyphenyl)carbamoylphenyl group, an N-methyl-N-(sulfophenyl)car- 
bamoylphenyl group, a sulfophenyl group, a sulfonatophenyl group, a sulfamoylphenyl group, an N-ethylsulfamoy I phe- 
nyl group, an N,N-dipropylsulfamoylphenyt group, an N-tolylsulfamoylphenyl group, an N-methyl-N- 
(phosphonophenyl)sulfamoylphenyl group, a phosphonophenyl group, a phosphonatophenyl group, a diethylphospho- 
nophenyl group, a diphenylphosphonophenyl group, a methylphosphonophenyl group, a methylphosphonatophenyl 
group, a tolylphosphonophenyl group, a tolylphosphonatophenyl group, an allyl group, a 1-propenyimethyl group, 2- 
butenyl group, a 2-methylallylphenyj group, a 2-methylpropenylphenyl group, a 2-propenylphenyl group, a 2-butynylphe- 
nyl group and a 3-butynylphenyi group. 

[0034] Examples of the alkenyl group include those described above. The substituted alkenyl group results from the 
bonding of a substituent to an alkenyl group by replacing the hydrogen atom. Examples of the substituent include the 
substituents described above for the substituted alkyl group and examples of the alkenyl group include the alkenyl 
groups described above. Preferred examples of the substituted alkenyl group include: 



CH 3 0 2 CCH 2 CH=CHCH 2 



H0 2 CCH 2 CH==CHCH 2 -, 



CH 2 =CH-CH=CH-CH 2 - 




C1-CH 2 CH=CHCH 2 -, 



CH 3 CCH==CHCH 2 — C1 \ 

| i .C — CH 

HS-CH 2 CH=CHCH 2 



[0035] Examples of the alkynyl group include those described above. The substituted alkynyl group results from the 
bonding of a substituent to an alkynyl group by replacing the hydrogen atom. Examples of the substituent include the 
substituents described above for the substituted alkyl group and examples of the. alkynyl group include the alkynyl 
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groups described above. 

[003$] The heterocyclic group includes a monovalent group resulting from the elimination of one hydrogen atom on 
a heterocyclic ring, and a monovalent group (substituted heterocyclic group) resulting from further eliminating one 
hydrogen atom from the above-described monovalent group and bonding thereto a substituent described above for the 
substituted alkyl group. Preferred examples of the heterocyclic ring include: 
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H H H 

H 




[0037] Examples of the substituted oxy group (R 5 CO) include those where R 5 is a monovalent nonmetallic atom 
group exclusive of hydrogen atom. Preferred examples of the substituted oxy group include an alkoxy group, an aryloxy 
group, an acyloxy group, a carbamoyloxy group, an N-alky!carbamoyloxy group, an N-arylcarbamoyloxy group, an N,N- 
dialkylcarbamoyloxy group, an N,N-diarylcarbamoyloxy group, an N-alkyl-N-arylcarbamoyloxy group, an alkylsulfbxy 
group, an arylsulfbxy group, a phosphonooxy group and a phosphonatooxy group. Examples of the alkyl group and the 
aryl group in these groups include those described above for the alkyl group and the substituted alkyl group and those 
for the aryl group and the substituted aryl group, respectively. Examples of the acyt group (RgCO-) in the acyloxy group 
include those where Rq is the alkyl group, substituted alkyl group, aryl group or substituted aryl group described above. 
Among these substituents, more preferred are an alkoxy group, an aryloxy group, an acyloxy group and an arylsulfoxy 
group. Specific examples of preferred substituted oxy groups include a methoxy group, an ethoxy group, a propyloxy 
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group, an isopropyloxy group, a butyloxy group, a pentyloxy group, a hexytoxy group, a dodecyloxy group, a benzyloxy 
group, an allyloxy group, a phenethyloxy group, a carboxyethyloxy group, a methoxycarbonylethyloxy group, an ethox- 
ycarbonylethyloxy group, a methoxyethoxy group, a phenoxyethoxy group, a methoxyethoxyethoxy group, an ethox- 
yethoxyethoxy group, a morpholinoethoxy group, a morpholinopropyloxy group, an allyloxyethoxyethoxy group, a 

5 phenoxy group, a tolyloxy group, a xylyloxy group, a mesityloxy group, a cumenyloxy group, a methoxyphenyioxy group, 
an ethoxyphenyloxy group, a chlorophenyloxy group, a bromophenyloxy group, an acetyloxy group, a benzoyloxy group, 
a naphthytoxy group, a phenylsulfonyloxy group, a phosphonooxy group and a phosphonatooxy group. 
[0038] Examples of the substituted thio group (R 7 S-) which can be used includes those where R 7 is a monovalent 
nonmetallic atom group exclusive of hydrogen atom. Preferred examples of the substituted thio group include an 

10 alkylthio group, an arytthio group, an alkyldrthio group, an aryldithio group and an acylthio group. The alkyl group and 
the aryl group in these groups include those described above for the alkyl group and the substituted alkyl group and 
those for the aryl group and the substituted aryl group, respectively. The acyl group (ReCO-) in the acylthio group is the 
same as described above. Among these, an alkylthio group and an arylthio group are more preferred. Specific exam- 
ples of preferred substituted thio groups include a methylthio group, an ethylthio group, a phenylthio group, an ethox- 

15 yethyithio group, a carboxyethylthio group and a methoxycarbonylthio group. 

[0039] Examples of the substituted amino group (R 8 NH-, (Rg)(Rio)N-) includes those where R 8 , R 9 and R 10 each 
is a monovalent nonmetallic atom group exclusive of hydrogen atom. Preferred examples of the substituted amino 
group include an N-alkylamino group, an N,N-diaIkylamino group, an N-arylamino group, an N,N-diarylamino group, an 
N-alkyl-N-arylamino group, an acylamino group, an N-alkylacylamino group, an N-arylacylamino group, a ureido group, 

20 an N'-alkylureido group, an N , ,N , -diaIkylureido group, an N'-arylureido group, an iSP.N'-diarylureido group, an N'-alkyl-N'- 
arylureido group, an N-alkylureido group, an. N-arylureido group, an isT-alkyl-N-alkylureido group, an N'-alkyl-N-ary- 
lureido group, an N\N-dialkyl-N-alkylureido group, an N\N'-dialkyl-N'-arylureido group, an N*-aryl-N-alkylureido group, 
an N'-aryl-N-arylureido group, an N'.N'-diaryl-N-alkylureido group, an N'.N'-diaryl-N-arylureido group, an N'-alkyl-N'- 
aryl-N-alkylureido group, an N'-aikyl-N'-aryl-N-arylureido group, an alkoxycarbonylamino group, an aryloxycarbo- 

25 nylamino group, an N-alkyl-N-alkoxycarbonylamino group, an N-alkyl-N-aryloxycarbonylamino group, an N-aryl-N- 
alkoxycarbonylamino group and an N-aryl-N-aryloxycarbonylamino group. 

[0040] Examples of the alkyl group and the aryl group in these groups include those described above for the alkyl 
group and the substituted alkyl group and those for the aryl group and the substituted aryl group, respectively, and R5 
of the acyl group (RgCO-) in the acylamino group, N-alkylacylamino group and N-arylacylamino group is the same as 
30 described above. Among these, more preferred are an N-alkylamino group, an N,N-dialkylamino group, an N-arylamino 
group and an acylamino group. Specific examples of preferred substituted amino groups include a methylamino group, 
an ethylamino group, a diethylamino group, a morpholino group, a piperidino group, a pyrrolidino group, a phenylamino 
group, a benzoylamino group and an acetylamino group. 

[0041] Examples of the substituted carbonyl group (R ir CO) which can be used include those where R 1t is a 

35 monovalent nonmetallic atom group. Preferred examples of the substituted carbonyl group include a formyl group, an 
acyl group, a carboxyl group, an alkoxycarbonyl group, an aryloxycarbonyl group, a carbamoyl group, an N-alkylcar- 
bamoyl group, an N,N-dialkylcarbamoyl group, an N-arylcarbamoyl group, an N,N-diarylcarbamoyl group and an N- 
alkyl-N'-arylcarbamoyl group. The alkyl group and the aryl group in these groups include those described above for the 
alkyl group and the substituted alkyl group and those for the aryl group and the substituted aryl group, respectively. 

40 Among these, more preferred are a formyl group, an acyl group, a carboxyl group, an alkoxycarbonyl group, an aryloxy- 
carbonyl group, a carbamoyl group, an N-alkylcarbamoyl group, an N,N-dialky1carbamoyl group and an N-arylcar- 
bamoyl group, still more preferred are a formyl group, an acyl group, an alkoxycarbonyl group and an aryloxycarbonyl 
group. Specific examples of preferred substituted carbonyl groups include a formyl group, an acetyl group, a benzoyl 
group, a carboxyl group, a methoxycarbonyl group, an allyloxycarbonyl group, an N-methylcarbamoyl group, an N-phe- 

45 nylcarbamoyl group, an N,N-diethylcarbamoyl group and a morpholinocarbonyl group. 

[0042] Examples of the substituted sulfinyl group (R 12 -SO-) which can be used include those where R 12 is a mono- 
valent nonmetallic atom group. Preferred examples thereof include an alkylsulfinyl group, an arylsulfinyl group, a sulfi- 
namoyl group, an N-alkylsulfinamoyl group, an N,N-dialkylsulfinamoyl group, an N-arylsulfinamoyl group, an N,N- 
diarylsulfinamoyl group and an N-alkyl-N-arylsulfinamoyl group. The alkyl group and the aryl group in these groups 

so include those described above for the alkyl group and the substituted alkyl group and those for the aryl group and the 
substituted aryl group, respectively. Among these, more preferred are an alkylsulfinyl group and an arylsulfinyl group. 
Specific examples of the substituted sulfinyl group include a hexylsulfmyl group, a benzylsulfinyl group and a tolylsulfinyl 
group. 

[0043] Examples of the substituted sulfonyl group (R13-SO2-) include those where R 13 is a monovalent nonmetallic 
55 atom group. More preferred examples thereof include an alkylsulfonyl group and an arylsulfonyl group. The alkyl group 
and the aryl group in these groups include those described above for the alkyl group and the substituted alkyl group and 
those for the aryl group and the substituted aryl group, respectively. Specific examples of the substituted sulfonyl group 
include a butylsulfonyl group and a chlorophenylsulfonyl group. 
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[0044] The sulfonato group (-S0 3 -) means a conjugated base anion group of a sulfb group (-S0 3 H) as described 
above and usually, the sulfonato group is preferably used together with a counter cation. Examples of the counter cation 
include generally known cations, more specifically, various oniums (e.g., ammoniums, sulfoniums, phosphoniums, iodo- 
niums, aziniums) and metal ions (e.g., Na + , K + , Ca 2+ , Zn 2+ ). 
5 [0045] The carboxylato group (-C0 2 ~) means a conjugate base anion group of a carboxyl group (C0 2 H) as descried 
above and usually, the carboxylato group is preferably used together with a counter cation. Examples of the counter cat- 
ion include generally known cations, more specifically, various oniums (e.g., ammoniums, sulfoniums, phosphoniums, 
iodoniums, aziniums) and metal ions (e.g., Na + , K + , Ca 2+ , Zn 2 *). 

[0046] The substituted phosphono group means a compound resulting from the displacement of one or two 
w hydroxyl groups on the phosphono group by other organic oxo groups and preferred examples thereof include a dialkyl- 
phosphono group, a diarylphosphono group, an alkylarylphosphono group, a monoalkylphosphono group and a 
monoarylphosphono group. Among these, preferred are a dialkylphosphono group and a diarylphosphono group. Spe- 
cific examples thereof include a diethylphosphono group, a dibutylphosphono group and a diphenylphosphono group. 
[0047] The phosphonato group (-P0 3 2 ", -P0 3 H~) means a conjugate base anion group derived from acid first dis- 
15 sociation or acid second dissociation of a phosphono group (-P0 3 H 2 ) and usually, the phosphonato group is preferably 
used together with a counter cation. Examples of the counter cation include generally known cations, more specifically, 
various oniums (e.g., ammoniums, sulfoniums, phosphoniums, iodoniums, aziniums) and metal ions (e.g., Na + , K*, 



[0048] The substituted phosphonato group is a conjugate base anion group of the above-described substituted 
20 phosphono groups where one hydroxyl group is displaced by an organic oxo group. Specific examples thereof include 
a conjugate base of the above-described monoalkylphosphono group (-P0 3 H(alkyl)) and a conjugate base of the 
monoarylphosphono group (-P0 3 H(aryl)). Usually, the substituted, phosphonato group is preferably used together with 
a counter cation and examples of the counter cation include generally known cations, more specifically, various oniums 
(e.g., ammoniums, sulfoniums, phosphoniums, iodoniums, aziniums) and metal ions (e.g., Na + , K + , Ca 2+ , Zn 2+ ). 
25 [0049] The cyclic structure formed by the combining of X 1 and X 2 , R a and R b , or X 1 and R a or R b with each other 
is described below. Examples of the aliphatic ring formed by.the combining of X 1 and X 2 , R a and R b , or X 1 and R a or 
R b with each other include a 5-, 6-, 7- or 8-membered aliphatic ring, more preferably a 5- or 6-membered aliphatic ring. 
The aliphatic ring may further have a substituent on the carbon atoms constituting the ring (examples of the substituent 
include the above-described substituents on the substituted alkyl group) or a part of the ring-constituting carbon atoms 
30 may be substituted by a hetero atom (e.g., oxygen atom, sulfur atom, nitrogen atom). Furthermore, a part of the 
aliphatic ring may constitute a part of an aromatic ring. 

[0050] Specific examples of the compound having a structure represented by formula (I) are set forth below. 
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Table 3 (continued) 
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Table 3 (continued) 
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Table 4 (continued) 
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Table 4 (continued) 
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iii) Trifunctional or Greater Functional Type (Group E) 
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Table 5 (continued) 
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Table 5 (continued) 
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Table 6 (continued) 
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(iv) Polymer Type 
[0057] 
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(m/p=6/4) (m/p=6/4) 
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(v) Others (Group H) 
[0058] 



H-1 



H-2 



H-3 



H-4 



H-5 



H-6 



H-7 



OH 

co 2 — i occr^ 



co 2 



J 



-occr^ 



oco^ 




oco 




OCOCH 3 



OCOCH 3 
H3COCO r 



CO, 



J 



35 



EP 1 091 247 A2 




36 



EP 1 091 247 A2 



J-10 



T7A 



S 



N>. .S 



J-11 



X 



co 2 

oco ^-s/CO 



.ocoA^ 



C0 2 CH 3 



X 



C0 2 CH 3 



J-12 



C0 2 C2H 5 ~ 

CO2C2H5 



J-13 



.OCO 



HO- 



OCO 



OCO^ 



J-14 



X 
L X c 

— oco'^V 

X 



C0 2 CH 3 



C0 2 CH 3 



C0 2 CH 3 



J-15 




OO 

OH 
C0 2 



HO 
OCO 




[0060] The compound of the present invention is most preferably a compound of polyfunctional type (bifunctional 
or greater function type or polymer type) having two or more structures represented by formula (I) within the molecule 
or a compound having a structure represented by formula (I) and another radical polymerizable group in combination, 
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which can substantially make a polyfunctiona! contribution to the photopolymerization. 

[0061] In the photopolymerizable composition of the present invention, the compound having a structure repre- 
sented by formula (I) is used as the compound having an addition polymerizable ethylenically unsaturated bond and the 
compound is used alone or in combination of two or more thereof or used as a mixture with a conventionally known 
compound having an addition polymerizable ethylenically unsaturated bond which is described below. 
[0062] Examples of conventionally known compounds having an addition polymerizable ethylenically unsaturated 
bond include esters of an unsaturated carboxylic acid (e.g., acrylic acid, methacrylic acid, itaconic acid, crotonic acid, 
isocrotonic acid, maleic acid) with an aliphatic polyhydric alcohol compound, and amides of the above-described 
unsaturated carboxylic acid with an aliphatic polyhydric amine compound. 

[0063] Specific examples of the ester monomer of an aliphatic polyhydric alcohol compound with an unsaturated 
carboxylic acid include acrylic acid esters such as ethylene glycol diacrylate, triethylene glycol diacrylate, 1,3-butane- 
diol diacrylate, tetramethylene glycol diacrylate, propylene glycol diacrylate, neopentyl glycol diacrylate, trimethytolpro- 
pane triacrylate, trimethylolpropane tri-(acryloyloxypropyl) ether, trimethylolethane triacrylate, hexanediol diacrylate, 
1,4-cyclohexanediol diacrylate, tetraethylene glycol diacrylate, pentaerythritol diacrylate, pentaerythritol triacrylate, 
pentaerythritol tetraacrylate, dipentaerythritol diacrylate, dipentaerythritol hexaacrylate, sorbitol triacrylate, sorbitol 
tetraacrylate, sorbitol pentaacrylate, sorbitol hexaacrylate, tri-(acryloy!oxyethyl)isocyanurate and polyester acrylate oli- 
gomer; 

methacrylic acid esters such as tetramethylene glycol dimethacrylate, triethylene glycol dimethacrylate, neo- 
pentyl glycol dimethacrylate, trimethylolpropane trimethacrylate, trimethylolethane trimethacrylate, ethylene glycol 
dimethacrylate, 1,3-butanediol dimethacrylate, hexanediol dimethacrylate, pentaerythritol dimethacrylate, pentaeryth- 
ritol trimethacrylate, pentaerythritol tetramethacrylate, dipentaerythritol dimethacrylate, dipentaerythritol hex- 
amethacrylate, sorbitol trimethacrylate, sorbitol tetramethacrylate, bis[p-(3-methacryloxy-2-hydroxy- 
propoxy)phenyl]dimethylmethane and bis[p-(acryloxyethoxy)phenyl]dimethylmethane; itaconic acid esters such as eth- 
ylene glycol diitaconate, propylene glycol diitaconate, 1,3-butanediol diitaconate, 1,4-butanediol diitaconate, tetrameth- 
ylene glycol diitaconate, pentaerythritol diitaconate and sorbitol tetraitaconate; 

crotonic acid esters such as ethylene glycol dicrotonate, tetramethylene glycol dicrotonate, pentaerythritol dicrotonate 
and sorbitol tetradicrotonate; isocrotonic acid esters such as ethylene glycol diisocrotonate, pentaerythritol diisocroto- 
nate and sorbitol tetraisocrotonate; maleic acid esters such as ethylene glycol dimaleate, triethylene glycol dimaleate, 
pentaerythritol dimaleate and sorbitol tetramaleate; and a mixture of these ester monomers. Specific examples of the 
amide monomer of an aliphatic polyhydric amine compound with an unsaturated carboxylic acid include methylenebi- 
sacrylamide, methylenebismethacrylamide, 1 ,6-hexamethyIenebisacrylamide, 1,6-hexamethylenebismethacrylamide, 
diethylenetriaminetrisacrylamide, xylylenebisacrylamide and xylylenebismethacrylamide. 

[0064] Other examples include vinyl urethane compounds having two or more polymerizable vinyl groups in one 
molecule described in JP-B-48-41708, which are obtained by adding a vinyl monomer having a hydroxyl group repre- 
sented by the following formula (A) to a polyisocyanate compound having two or more isocyanate groups within one 
molecule: 

CH 2 =C(R)COOCH 2 CH(R , )OH (A) 
wherein R and R* each represents H or CH 3 . 

[0065] Also, polyfunctional acrylates and methacrylates such as urethane acrylates described in JP-A-51-37193, 
polyester acrylates described in JP-A-48-64183, JP-B-49-43191 and JP-B-52-30490 and epoxy acrylates obtained by 
reacting an epoxy resin with a (meth)acrylic acid may be used. Furthermore, those described as a photocurable mon- 
omer or oligomer in Nippon Secchaku Kvokaishi (Journal of Japan Adhesive Society) . Vol. 20, No. 7, pp. 300-308 
(1984) may be used. In the present invention, these monomers each may be used in the chemical form of a prepolymer 
(dimer, trimer or oligomer) or a mixture thereof. 

[0066] The compound containing all polymerizable compounds including the compound having a structure repre- 
sented by formula (I) is usually used in an amount of from 1 to 99.99%, preferably from 5 to 90.0%, more preferably from 
10 to 70% ("%" as used herein means "% by weight (wt%)"), based on the entire weight of components of the photopo- 
lymerizable composition. 

[0067] However, the content of the compound having a structure represented by formula (I) of the present invention 
in the compound containing all polymerizable groups is from 0.005 to 100.wt%, preferably from 1 to 100 wt%, more pref- 
erably from 30 to 100 wt%. If the content is less than 0.005 wt%, the effect of the present invention may not be brought 
out. 

[0068] The photopolymerization initiator used in the photopolymerizable composition of the present invention is 
described below. 

[0069] Preferred examples of the photopolymerization initiator include (a) aromatic ketones, (b) aromatic onium salt 
compounds, (c) organic peroxides, (d) thio compounds, (e) hexaarylbiimidazole compounds, (f) ketooxime ester com- 
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pounds, (g) borate compounds, (h) azinium compounds, (i) metaliocene compounds, (j) active ester compounds and 
(k) compounds having a carbon halogen bond. 

[0070] Preferred examples of the aromatic ketone (a) include compounds having a benzophenone skeleton or a thi- 
oxanthone skeleton described in J.R Fouassier and J.R Rabek, Radiation Curing in Polymer Science and Technology. 
pp. 77-117 (1993), such as: 

? CH 3 ? CH3 OCHc 

0 OCH 3 O 0CH3 * O 0C 2 H 5 

? H3 jr-\ CH 3 

S-?-OH H0CH 2 CH 2 SHQ-C-f0H Q-C^ 

0 CH 3 0 CH 3 0[ J , 
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[0071] More preferred examples of the aromatic ketone (a) include a-thiobenzophenone compounds described 
JP-B-47-6416, benzoin ethers described in JP-B-47-3981 such as 
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Orf-p- -OtfO: 




0 

CI 

o-substituted benzoin compounds described in JP-B-47-22326 such as 

CH 2 -OH CH 2 OH 

■OrhP -OrK> 

U O-H - 0 O-H 

CH 2 0 2 CCH 3 

0 OH 

benzoin derivatives described in JP-B-47-23664, aroylpnosphonic acid esters described in JP-A-57-30704, dialkoxy- 
benzophenones described in JP-B-60-26483 such as 
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<>c=o 

C-O-CH 2 OH 2 -0 (3-loCH 2 CH=CH 2 



0-CB Z CE z -Q 0CH 2 CH=CH 2 




0=0 



O 

C-OCH 2 CH 2 0-^ 
OCH 2 CH 2 0^^ 

benzoin ethers described in JP-B-60-26403 and JP-A-62-81345 such as 

WCi 2 H 25 -^J-C-C-CH 3 tBu-/~\-C-C-CH3 

OH W QH 

O CH 3 
CH 3 -{]yS-?-0H3 ■ 
OH 

a-aminobenzophenones described in JP-B-1-34242, U.S. Patent 4,318,791 and European patent 0284561 A1 such ai 
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0 CH 3 n CH , 






CH 3 



CH 3 \ W CH 3 W 



0*0 

0 



C-C-N 0 




CH 3 



/~A ? H3 ° 0 ? H3 /— \ 

I 

OOC/jHg 

r~\ V H3 ° 0 ? H3 a~\ 

CH 3 

/ \ f~\ « I CH 3 



p-di(dimethylaminobenzoyl)benzenes described in JP-A-2-211452 such as 
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5 




thio-substituted aromatic ketones described in JP-A-61 -194062 such as 



10 




25 acylphosphine sulfides described in JP-B-2-9597 such as 



30 




35 

acylphosphines described in JP-B-2-9596 such as 



40 




thioxanthones described in JP-B-63-61950 and coumarins described in JP-B-59-42864. 

[0072] The aromatic onium salt (b) as another example includes aromatic onium salts of elements belonging to 
Groups V, VI and VII of the Periodic Table, more specifically, N, P, As, Sb, Bi, O, S, Se, Te and I. Examples of the aro- 
50 matic onium salt include the compounds described in JP-B-52-14277, JP-B-52-14278 and JP-B-52-14279. Specific 
examples thereof include the following compounds. 
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Also, diazonium salts shown below may be used. (Diazonium Salt orQuinonediazlde) 
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[0074] The organic peroxide (c) as still another example of the photopolymerization initiator for use in the present 
invention includes almost all organic compounds having one or more oxygen-oxygen bonds within the molecule and 
examples thereof include methyl ethyl ketone peroxide, cyclohexanone peroxide, 3,3,5-trimethylcyclohexanone perox- 
ide, methylcyclohexanone peroxide, acetylacetone peroxide, 1,1-bis(tert-butylperoxy)-3,3,5-trimethylcyclohexane l 1,1- 
bis(tert-butylperoxy)cyc!ohexane, 2,2-bis(tert-butylperoxy)butane, tert-butyl hydroperoxide, cumene hydroperoxide, 
diisopropylbenzene hydroperoxide, paramethane hydroperoxide, 2,5-dimethylhexane-2,5-dihydroperoxide, 1,1,3,3- 
tetramethylbutyt hydroperoxide, di-tert-butyl peroxide, tert-butylcumyl peroxide, dicumyl peroxide, bis(tert-butylperox- 
yisopropyl)benzene, 2,5-dimethyl-2,5-di(tert-butylperoxy)hexane, 2,5-oxanoyl peroxide, succinic peroxide, benzoyl per- 
oxide, 2,4-dichlorobenzoyl peroxide, meta-toluoyl peroxide, diisopropyl peroxydicarbonate, di-2-ethylhexyl 
peroxydicarbonate, di-2-ethoxyethyl peroxydicarbonate, dimethoxyisopropyl peroxycarbonate, di(3-methyl-3-methoxy- 
butyi)peroxydicarbonate, tert-butyl peroxyacetate, tert-butyl peroxypivalate, tert-butyl peroxyneodecanoate, tert-butyl 
peroxyoctanoate, tert-butyl peroxy-3,5,5-trimethylhexanoate, tert-butyl peroxylaurate, tertiary carbonate, 3,3\4,4'-tetra- 
(tert-butylperoxycarbonyl)benzophenone, 3,3\4,4'-tetra-(tert-amy1peroxycarbonyt)benzophenone, S.S'^^'-tetra-ftert- 
hexylperoxycarbonyl)benzophenone, 3,3\4,4Metra-(tert-octy1peroxycarbonyl)bereophenone, 3,3 , J 4,4 , -tetra-(cumytper- 
oxycarbonyl)benzophenone, S.S'^^Metra-tp-isopropylcumylperoxycarbonylJbenzophenone, carbonyldi(tert-butytper- 
oxy dihydrogen diphthalate) and carbonyldi(tert-hexylperoxy dihydrogen diphthalate). 

[0075] Among these, preferred are ester peroxides such as 3,3',4,4*-tetra-(tert-butylperoxycarbonyl)benzophe- 
none, 3,3\4,4'-tetra-(tert-amylperoxycarbony1)benzophenone, 3,3\4,4^etra-(tert-hexylperoxycarbonyl)benzophenone, 
S^'^^'-tetra-ftert-octylperoxycarbonylJbenzophenone, 3,3\4,4Metra-(cumylperoxycarbonyl)bereophenone, 3,3\4,4'- 
tetra-(p-isopropylcumylperoxycarbonyl)benzophenone and di-tert-butyl diperoxyisophthalate. 

[0076] The thio compound (d) as the photopolymerization initiator for use in the present invention is represented by 
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the following formula [II]: 

R 20 — NH R 20 — N 

| or || [II] 

5 R 21 — C=S R 21 — C — SH 

wherein R 20 represents an alkyl group, an ary! group or a substituted aryl group and R 21 represents hydrogen atom or 
an alkyl group or R 20 and R 21 may combine with each other to represent a nonmetallic atom group necessary for form- 
10 ing a 5-, 6- or 7-membered ring which may contain a hetero atom selected from oxygen atom, sulfur atom and nitrogen 
atom. 

[0077] The alkyl group in formula [II] is preferably an alkyl group having from 1 to 4 carbon atoms. The aryl group 
represented is preferably an aryl group having from 6 to 10 carbon atoms such as phenyl and naphthyl and the substi- 
tuted aryl group includes the above-described aryl group substituted by a halogen atom such as chlorine, an alkyl group 
15 such as methyl, or an aikoxy group such as methoxy and ethoxy. R 21 is preferably an alkyl group having from 1 to 4 car- 
bon atoms. Specific examples of the thio compound represented by formula [II] include the following compounds. 
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[0078] The hexaarylbi imidazole (e) as another example of the photopolymerization initiator for use in the present 
invention includes lophine dimers described in JP-B-45-37377 and JP-B-44-86516, such as 2,2 , -bis(o-ch!orophenyl)- 
4,4 , t 5,5'-tetraphenylbiimidazole, 2,2'-bis(o-bromophenyl)-4 ) 4 , t 5,5 , -tetraphenylbiimidazole I 2,2 , -bis(o,p-dichlorophenyl)- 
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10 



15 



4,4 , ,5,5 , -tetraphenylbiimidazole, 2 t 2'-bis(oK^lorophenylH»4\5,5Metra(nrHTiethoxyphenyl)biimidazole, 2,2'-bis(o,o- 
dichlorophenytH»4\5,5Metraphenylbiimidazole, 2,2'-bis(o-nitrophenyl)-4.4 , ,5,5 , -tetraphenylbiimidazole, 2,2'-bis(o- 
methylphenylH,4\5,5'-tetraphenylbiimidazole and 2,2'4}is(o^fluorophenyl)-4.4 , ,5 f 5 , -tetraphenylbiimida2ole. 
[0079] The ketooxime ester (f) as another example of the photopolymerization initiator for use in the present inven- 
tion includes 3-berizoyloxyiminobutan-2-one, 3-acetoxyiminobutan-2-one t 3-propionyloxyiminobutan-2-one, 2-acetoxy- 
iminopentan-3-one, 2-acetoxyimino-1-phenylpropan-1-one, 2-beiizoyloxyimino-1-phenyipropan-1-one, 3-p- 
toluenesulfonyloxyiminobutan-2-one and 2-ethoxycarbonyloxyimino-1 -phenylpropan-1 -one. 

[0080] The borate salt (g) as still another example of the photopolymerization initiator for use in the present inven- 
tion includes the compound represented by the following formula [III]: 

R 23 

R 22 — B — R 25 [HI] 



wherein R 22 , R 23 , R 24 and R 25 , which may be the same or different, each represents a substituted or unsubstituted alkyl 
20 group, a substituted or unsubstituted aryl group, a substituted or unsubstituted alkenyl group, a substituted or unsubsti- 
tuted alkynyl group or a substituted or unsubstituted heterocyclic group, two or more groups of R 22 , R 23 , R 24 and R 25 
may combine to form a cyclic structure, provided that at least one of R 22 R 23 , R 24 and R 25 is a substituted or unsubsti- 
tuted alkyl group, and Z* represents an alkali metal cation or a quaternary ammonium cation. The alkyl group repre- 
sented by R 22 , R 23 , R 24 or R 25 includes a linear, branched or cyclic alkyl group preferably having from 1 to 18 carbon 
25 atoms. Specific examples thereof include methyl, ethyl, propyl, isopropyl, butyl, pentyl, hexyl, octyl, stearyl, cyclobutyl, 
cyclopentyl and cyclohexyl. The substituted alkyl group includes these alkyl groups which are substituted by a substit- 
uent such as halogen atom (e.g., -CI, -Br), a cyano group, a nitro group, an aryl group (preferably a phenyl group), a 
hydroxy group, 

30 R 2£ 

/ 

N 

v 

35 

wherein R 26 and R 27 each independently represents hydrogen atom, an alkyl group having from 1 to 14 carbon atoms 
or an aryl group, -COOR 28 wherein R 28 represents hydrogen atom, an alkyl group having from 1 to 14 carbon atoms or 
an aryl group, -OCOR 29 or -OR 30 wherein R 29 and R 30 each represents an alkyl group having from 1 to 14 carbon 
atoms or an aryl group. The aryl group represented by R 22 , R 23 , R 24 or R 25 includes mono-, di- and tri-cyclic aryl groups 

40 such as phenyl group and naphthyl group, and the substituted aryl group includes these aryl groups which are substi- 
tuted by a substituent described above for the substituted alkyl group or by an alkyl group having from 1 to 14 carbon 
atoms. The alkenyl group represented by R 22 , R 23 , R 24 or R 25 includes linear, branched and cyclic alkenyl groups each 
having from 2 to 18 carbon atoms and the substituent of the substituted alkenyl group includes trie substituents 
described above for the substituted alkyl group. The alkynyl group represented by R 22 , R 23 , R 24 or R 25 includes linear 

45 and branched alkynyl groups each having from 2 to 28 carbon atoms and the substituent of the substituted alkynyl 
group includes the substituents described above for the substituted alkyl group. The heterocyclic group represented by 
R 22 R 23 , R 24 or R 25 includes 5- and greater membered, preferably 5- to 7-membered heterocyclic groups each con- 
taining at least one of N, S and O and the heterocyclic group may contain a condensed ring and may further have a 
substituent described above as the substituent of the substituted alkyl group. Specific examples of the compound rep- 

50 resented by formula [III] include the compounds described in U.S. Patents 3,567,435 and 4,343,891 and European Pat- 
ent Nos. 109,772 and 109,773 and the compounds described below. 
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B--(n)C 4 H9-N + (C 2 H 5 )4 



B~-(n)C4H9-N + (CH 3 )4 



3 



(j(3)~ B ~~ cH 2~{3 * n+(ch3)4 

(0)~ B ~- QIL t~(^y -N + ((n)C4Hg)4 




({3)~ B " ~ CH 2 H ^^~ CH 2 * N + ((n)C4Hg) 4 
-B--CH 2 -^3-F- N + ((n)C4Hg) 4 

-B~-CH 2 -^^ .N + ((n)C 4 Hg)4 
CH 3 

F-^^-B-((n)C 4 Hg) 3 -N + ((n)C4Hg)4 
CH 3 0-^^-B-((n)C 4 Hg) 3 • N + ((n)C 4 Hg) 4 




[0081] Examples of the azinium salt compound (h) as another example of the photopolymerization initiator for use 
in the present invention include the compounds having an N-O bond described in JP-A-63-1 38345, JP-A-63-1 42345, 
JP-A-63-142346, JP-A-63-1 43537 and JP-B-46-42363. 

[0082] Examples of the metallocene compound (i) as still another example of the photopolymerization initiator 
include titanocene compounds described in JP-A-59- 152396, JP-A-61-151197, JP-A-63-41484, JP-A-2-249 and JP-A- 
2-4705 and iron-allene complexes described in JP-A-1-304453 and JP-A-1-152109. 

[0083] Specific examples of the titanocene compound include dicyclopentadienyl-Ti-dichloride, dicydopentadienyl- 
Ti-bisphenyl, dicyclopentadienyi-Ti-bis-2,3,4,5,6-pentafluorophen-1-yl, dicyclopentadienyt-Ti-bis-2,3,5,6-tetrafluor- 
ophen-1-yl, dicyclopentadieny1-Ti-bis-2,4,6-trifluorophen-1-y1, dicyclopentadienyl-Ti-bis-2,6-difluorophen-1-yl, dicy- 
clopentadienyl-Ti-bis-2,4-difluorophen-1-yl, dimethytcydopentadienyl-Ti-bis^.S^.S.e-pentafluorophen-l-yl, 
dimethylcyclopentadienyl-Ti-bis-2,3,5,6-tetrafluorophen-1-yt, dimethylcyclopentadienyl-Ti-bis-2,4-difluorophen-1-yl, 
bis(cyclopentadienyl)-bis(2 I 6-difluoro-3-(pyr-1-yl)phenyl)titanium t bis(cyclopentadienyl)bis[2,6-difluoro-3-(methylsul- 
fonamido)phenyl]titanium, bis(cyclopentadienyl)bis[2,6-difluoro-3-(N-butylbiailoy1amino)phenyi]titanium, bis(cyclopen- 
tadienylJbisp.e-difluoro-S-fN-ethylacetylaminoJphenylJtitanium, bis(cydopentadienyl)bis[2,6-difluoro-3-(N- 
methylacetylamino)phenyl]titanium, bis(cyclopentadienyl)bis[2,6-difluoro-3-(N-ethylpropionylamino)phenylpanium, 
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bis(cydopentadienyl)bis[2,6KJffluoro-^^ bis(cydopentadi- 
enyl)bis[2,6^ffluoro-3^N^utyH2,2^ bis(cyclopentadienyl)bis[2,6-difluoro-3- 
(N-pentyl-(2,2-dimethylbutanoyl)amino)phenyf]titanium, bis(cyclopentadienyl)bis[2,6-difluoro-3-(N-hexylH2,2-dimeth- 
ylbutanoyt)phenylpanium, bis(cydopentadieny!)bis[2,6^ifluoro-^ 

bisCcydopentadienytJbisp.SKiifluoro-^N-methylpentanoylaminoJphenyipanium, bis(cydopentadienyl)bis[2,6-dif- 
luoro-3-(N-ethylcydohexylcarbony!amino)phenyipanium, bis(cydopentadienyl)bis[2,6-difluoro-3-(N-ethylisobutyr- 
ylamino)phenyl]titanium, bis(cydopentadienyt)bis[2,6KJifluoro-3^^ 

bis(cydopentadienyt)bis[2,6Hjifiuoro-3-(2,2,^^ bis(cydopentadi- 
enyl)bis[2 ( 6-difluoro-3-<octylsulfbnamido)phenyl]titanium, bis(cydopentadienyl)bis[2 t 6-dlfluoro-3-(4-toIyIsulfona- 
mido)phenyipanium, bis(cydopentadienyl)bis[2,6Kiifluoro-3^4Ki^ 

bis(cydopentathenyl}bis[2,6Kiffluoro-3-(^ bis(cydopentadi- 
enyl)bis[2,6-difluoro-3-(ethyIsulf6nylamido)phenyf]titanium t bis(cydopentadienyl)bis[2,6-<jifluoro-3-((4-bromophe- 
nyl)sulfbnylamido)phenyl]titanium, bis(cydopentadienyl)bis[2,6KJifluoro-3^ 

bisfcydopentadienylJbisp.SKiifiuoro-^hexadecylsulfbnylamjdoJphenyOtitanium, bis(cydopentadienyl)bis[2,&<lifIuoro- 
3-(N-methyl-(4-dodecylphenyl)sulfonylamido)phenyl]titanium, bis(cydopentadienyl)bis[2,6-difluoro-3-(N-methyl-4-(1- 
pentylhepty1)phehyl)suIfonylamido)]titanium, bis(cydopentadieny!)bis[2,6-difluoro-3-(N-hexy1-(4-tolyl)sulfonyla- 
mido)phenyl]titanium, bis(cydopentadienyl)bis[2,6^ifluoro-3-(p^ 

dienyObisp.eKJifluorchS-^^imethy^ bis(cydopentadienyl)bis[2,6-difluoro- 
3-(phthalimido)phenyl]titanium, bis(cydopentadienyl)bis[2,6^ifIuoro-3-isobutoxycarbonylamino)phenyl]titanium, 
bis(cydopentadienyl)bis[2,6KJifluorcH3-(ethoxycarbonylamino)phenyl]titaniurn, bis(cydopentadienyt)bis[2 f 6-difluoro-3- 
((2-chloroethoxy)carbonylamino)phenyl]titanium, bis(cydopentadienyl)bis[2,6-difIuoro-3-{phenoxycarbonylamino)phe- 
nyl]titanium, bis(cydopentadienyl)bis(2,6-dlfluoro-3-(3-phenylthipureido)phenyl]titanium, bis(cydopentadienyl)bis[2,6- 
difluoro3-(3-butylthioureido)phenyl]titanium, bis(cydopentadienyl)bis[2,6KJifluoro-3-(3-phenyfureido)phenyl]titanium, 
bis(c7dopentadienyl)bis[2,6-difluoro-3-(3-butylureido)phenyl]titanium, bis(cydopentadienyl)bis[2,6-difluoro-3-(N,N- 
diacetylamino)phenyl]titanium, bis(cydopentadienyl)bis[2,6<lifluoro-3^3,3Kjimethylureido)phenyl)Utanjum, 
bis(cyclopentadienyl)bis[2,6-difluoro3-(acetylamino)phenyl]titanium, bis(cydopentadienyl)bis[2,6<lifluoro-3- 
(butylamino)phenyl]titanium, bis(cydopentadienyl)bis[2,6-difluoro3-(decanoylamino)phenyl]titanium, bis(cydopentadi- 
enyl)bis[2,6-difluoro-3-{octadecanoylamino)phenyl]titanium, bis(cydopentadienyl)bis[2,6-difluoro-3-(iso- 
buty!amino)phenyl]trtanium, bis(cydopentadienyl)bis[2,6<lif!uoro-3^2^thylhexanoylamino)phenyl]titanium, 
bis(cydopentadienyl)bis[2,6-difIuoro-3-(2-methy!butanoylamino)phenyl]titanium, bis(cydopentadienyl)bis[2,6-dif!uoro- 
3-(pivaIoylamino)phenyl]titanium, bis(cydopentathenyl)bis[2 > 6Klifluoro-3-(2,2Kjimethylbutanoylamino)phenyl]titanium 
bis(cydopentadienyl)bis[2,6^ifluoro-3-(2-ethyl-2-methyiheptanoylamino)phenyl]titanium, bis(cydopentadienyl)bis[2 t 6- 
difIuoro-3-(cydohexylcarbonylamino)phenyl]titanium, bis(c^dopentadienyl)bis[2,6-difIuoro-3-(2,2-dlmethyl--3-chloro- 
propanoylamino) phenyipanium, bis(cydopentadienyl)bis[2,6-difIuoro-3-(3-phenylpropanoylamino)phenyipanium, 
bis(cydopentadienyl)bis[2,6KJifluort>-3-(2^hlo^^ 

bistcydopentadienylJbisp.e-difluoro-S-tS^-xyloylaminoJphenylJtltanium, bis(cydopentadienyl)bis[2,6-difluoro-3-{4- 
ethylbenzoylamino)phenyl]titanium, bis(cydopentadjeny!)bis[2,6-difluoro-3-(2,4,6-mesylcarbony!amino)phenyipa- 
nium, bis(cydopentadienyl)bis[2,6-difluorO"3-(benzoylamino)phenyl]titanium, bis(cydopentadienyl)bis-[2,6-difluoro3- 
(N-(3-phenylpropyl)benzoylamino)phenyl]titanium, bis(cydopentadienyl)bis[2,6-dif!uoro-3-(N-(3-ethyIheptyl)-2,2- 
dimethylpentanoylamino)phenylpanium, bis(cydopentadienyl)bis[2,6-difluoro-3-(N-isobutyl-(4-toluyl)amino)phe- 
nyljtitanium, bistcydopentadienylJbisp.SKJifluorchS-CN-isobutylbenzoylaminoJphenylJtitanium, bis(cydopentadi- 
enyl)bls[2 ( 6KiifluorcH3-(N^ydohexylmemyIpivaloy1amino)phenyf]titanium ( bis(cydopentadienyI)bis[2,6-difluoro-3-(N- 
(oxoran-2-ylmethyt)benzoylamino)phenyipanium, bis(cydopentadienyl)bis[2 ( 6-difluoro-3-(N-(3-ethylheptyl)-2,2- 
dimethylbutanoylamino)phenyl]titanium, bis(cydopentadienyl)bis[2,6-difluoro-3-(N-(3-phenylpropyl-(4- 
toluy!)amino)phenyl]titanium, bis(cydopentadienyl)bis[2,6-difluoro-3-(N-(oxoran-2-ylmethyl)-(4-toluyl)amino)phe- 
nytpanium, bis(cydopentadienyl)bis[2 > 6-difluoro-3-(N-(4-toluylnnethyl)benzoylamino) phenyipanium, bis(cydopenta- 
dienyl)bis[2 t 6<lifluoro-3-(N-(4-toluylmethyl)-(4-toluyl)amino)phenytpanium > bis(cydopentadienyl)bis[2,6-difluoro-3-(N- 
butyibenzoylamino)phenyl]titanium, bis(cydopentadienyf)bis[2,6-difluoro-3-(N^butyl-(4-toluyl)amino)phenyipanium, 
bis(cydopentadienyl)bis[2,6-difluoro-3-(N-(hexyl-(4-toluyl)amino)phenyl]titanium, bis(cydopentadieny!)bis[2,6-difluoro- 
3-(N-(2,4Hdimethylpentyl)-2,2Hdimethylbutanoylarnino)phenyi]titaniuiTi, bis(cydopentadienyl)bis[2,6-difluoro-3-(2,4- 
dimethylpentyl)-2 ( 2-dimethylpentanoylamino)pheny!]titanium, bis(cydopentadienyl)bis[2,6-difiuoro-3-((4- 
toluyI)amino)phenylpanium, bis(cydopentadienyl)bis[2,6Klifluoro-3-(2,2Klimethytpentanoylamino)phenyJ]titanium t 
bis(c^dopentadieny])bis[2,6^ifluoro-3-(2,2^ bis(cydopentadi- 
enyl)bis[2,6HJIfluoro-3^2 f 2<Iimethyl-3-allyloxypropanoylamino)phenyipaniurn, bis(cydopentadienyl)bis[2,6-difluorc>-3- 
(N-allylacetylaminoJphenylJtitanium, bis(cydopentadienyl)bis[2,6-difluoro-3-(2-ethylbutanoytamino)phenyipanium, 
bis(cydopentadienyl)bis[2,6Ki|fluorcH3-(N-cydohexylmethylbenzoy!amino)phenyl]tita bis(cydopentadi- 
enyl)bis[2,6Kiifluoro-3^N^ydohexylmethyI-(4-toluyl)amino)phenyl]titanium, bis(cydopentadienyl)bis[2,6-dif!uoro3-(N- 
2-ethylhexyl)benzoyJamino)phenyi]titanium, bis(cydopentadienyl)bis[2,6-difIuoro-3-(N-isopropylbenzoylamino)phe- 
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nylpanium, bis(cydopentadienyl)bis[2,6KJffluoir>-^ 

bis((^dopentadienyl)bis[2,6^if!uoro-3-(N-hexylben2oylamino)phenyl]t'rtanium bis(cydopentadienyl)bis[2,6-difluoro-3- 
(N^dohexylmethyl-2,2-dimethy!pentanoylamino)phenyl]trtanium, bis(cydopentadienyl)bis[2,6-difluoro-3-(N-buty!ben- 
zoytamino)phenyl]titanium, bis(cydopentadienyl)bis[2,6Klifluoro-3-W 
nyf]titanium, bis(cydopentadienyl)bis[2,6^ifluorc^^ 

bis(cydopentadienyl)bis[2,6Hjif!uor^^ bis(cyclopentadi- 
enyl)bis[2,6^ifluoro-3^N^3-phenytpropyl)pivaIoylamino)phenyl]titanium t bis(cydopentadienyl)bis[2 t 6-difluoro-3-(N- 
butyl-2,2-dimethylpentanoylamino)phenyl]titanium, bis(cydopentadienyl)bis[2,6-dif!uoro-3-(N-(2-methoxyethyl)ben- 
zoylamino)phenyl]titanium, bis(cydopentadienyl)bis[2,6^ifluoro-3-(N4jenzylbenzoylamino)phenyipanium, 
bis(cydopentadienyl)bis[2,6KJifluoro-3-(N-be^ bis(cydopentadienyl)bis[2,6-dif- 
luoro-3-(N-(2-methoxyethy!)- (4-toluyl)amino)phenyl]titanium, bis(cydopentadienyl)bis[2,6-difluoro-3-(N-(4-methylphe- 
nylmethyl^^HJimethylpentanoylaminoJphenylltitanium, bis(cydopentadienyl)bis[2,6-<lifluoro-3-{N-(2-methoxyethyl>- 
2,2-dimethylpentanoylamino)phenyipanium, bis(cydopentadienyl)bis[2,6Klifluor(>3-(N-<^dohexylmethyl-(2-ethyl-2- 
methylheptanoylJaminoJphenyQtitanium, bis(cydopentadienyl)bis[2,6-difluoro-3-(N-butyl-(4-chlorobenzoyl)amino)phe- 
nyljtitanium, bis((^dopentadienyl)bis[2,6Kiifluoro-3^ 

bis(cydopentadienyl)bis[2 f 6Klffluoro-3-(NK^do bis(cydopentadi- 
enyl)bis[2,6<lifluoro-3-(N^oxorarv2-ylme^ bis(cydopentadi- 
enyl)bis[2,6KlifIuorc>-3^N^ydohexyl-(4K^lorober^oyl)amino)phenyl]tftanium, bis(cydopentadienyl)bis[2,6-difluoro-3- 
(N-cydohexyl-(2-ch(orobenzoyl)amino)phenyl]titanium, bis(cydopentadienyl)bis[2,6-difluoro-3-(3,3-dimethyi-2-a2etidi- 
non-1 -yl)phenyl]titanium, bis(cydopentadienyl)bis[2 ? 6-difluoro3-isocyanatophenyl)titanium, bls(cydopentadi- 
enylJbisp.enjifluoro-^N^thyl^-tolylsulfbnyOaminoJphenyipanium, bis(cydopentadienyi)bis[2,6-difluoro-3-(N-hexyl- 
(4-to!ylsulfonyi)amino) phenyf]titanium, bis(cydopentadienyl)bis[2,6Kjifluoro-^(N-butyl-(4-tolylsu!fonyI)amino)phe- 
nyl]titanium, bis(<^dopentadieny1)bis[2,6Kiifluoro-3-(N-iso bis(cydopenta- 
dienyl)bis[2,6KJifluoro-3-(N-butyl-(2,2Kiim^ bis(cydopentadienyl)bis[2,6- 
difluorcn3-(N-(3-phenylpropyl)-2,2KJimethyl-3K;h!oropropanoyl)amino)phenyl]titanium bis(cydopentadienyl)bis[2,6-dif- 
luoro-3-(NK^dohexylmethy!^2,2Hdimethyl-3-chloropropanoyl)amino)phenyl]titanium^ bis(cydopentadienyl)bis[2,6-dif- 
luoro-3-(N-isobutyl-(2,2KJimethyl-3-ch!oropropanoyl)phenyl]titanium f bis(cydopentadienyl)bis[2,6-difluoro-3-(N-butyl- 
(2K^!oromethyl-2-methyl-3-chloropropanoyl)amino)phenyl]titanium ? bis(cydopentathenyl)bis[2,6-difluoro-3-(butylthio- 
carbonylamino)phenyl]titanium, bis(cydopentadienyl)bis[2,6Klifluoro-3-(phenylthiocarbonylamifK))phenyl]to 
bis(cydopentadienyl)bis[2,6<Iifluoro-3-isocyanatophenyl)titanium, bis(cydopentadientyl)bis[2,6-difIuoro-3-(N-€thyl-(4- 
tolylsulfonyl)amino)phenyl]titanium, bis(cydopentadienyl)bis[2,6Klifluoro-3-(N-hexyl-(4-toly!sulfonyl)amino)phenyip 
nium, bis(cydopentadieny1)bis[2,6KiifIuoro-3-(N-^^ bis(cydopentadi- 
enyl)bis[2,6-difIuoro-3-(N-isobutyl-(4-tolyIsulfonyl)amino)phenyl]titanium, bis(cydopentadienyl)bis[2,6-difluoro-3-(N- 
butyI-(2,2-dimethyl-3-chloro propanoyl)amino)phenyl]titanium, bis(cydopentadienyl)bis[2,6-difluoro-3-(N-(3-phenylpro 
panoyl)-2,2-dimethyl-3-ch!oropropanoyl)amino)phenyl]titanium t bis(cydopentadienyl)bis[2 t 6-difluoro3-(N-cydohexyl- 
methyl-(2,2-dimethyl-3-chloropropanoyl)amino)phenyipanium, bis(cydopentadieny!)bis[2,6-difIuoro-3-(N-isobutyl- 
(2,2-dimethyl-3-chloropropanoyl)phenyl]titanium 1 bis(cydopentadienyl)bis[2,6-dif!uoro-3-(N-butyl-(2-chloromethyl-2- 
methyl-3-ch!oropropanoyl)amino)phenyl]titanium, bis(cydopentadienyl)bis[2,6-difluoro-3-(butylthiocarbonylamino)phe- 
nyl]titanium, bis(cydopentadienyl)bis[2,6Hdifluoro-3-(phenylthiocaiiDonylamino)phenyl]titanjum, bis(methylcydopentadi- 
eny!)bis[2,6KJifluoro-3^N-hexyl-2 t 2<limethyibutanoyl)amino)phenyl]titanium > bis(methylcydopentadienyl)bis[2,6- 
difluora-3-(N-hexyl-2,2-dimethylbutanoylamino)phenyl]titanium, bis(methylcydopentadienyl)bis[2,6-difluoro-3-(N-ethyl- 
acetylamino)phenyipanium, bis(methylcydopentadienyl)bis[2,6Klifl^ 

bis(trimethylsilylpentadienyl)bis[2,6Kiifluo^ bis(cydopentadi- 
enyl)bis[2,6^ifluoro-3-(N^2-methoxyethyl)trimethylsiIyIamino)phenyl]titani bis(cydopentadienyl)bis[2,6-difluoro-3- 
(N-buty!hexy!dimethylsilylamino)phenyl]titanium t bis(cydopentadienyl)bis[2,6-difIuoro-3-(N-ethyl-(1 ;1 ,2-tolylmethyl pro- 
pyl)dimethylsilylamino)phenyl]titanium, bis(cydopentadienyl)bis[2 t 6-difluoro-3-(3-ethoxymethyl-3-methyl-2-azetiodi- 
non-1-yl)phenyl]titanium, bisfc^dopentadienylJbisp.eKJifluoro-S^S-allyloxymethyl-S-methyl^-azetidinorhl- 
yl)phenyl]titanium, bis(cydopentadienyl)bis[2,6-difluorch3-(3H^ 

bis(cyclopentadienyl)bis[2,Wifluorc>-3^ bis(cydopentadi- 
enyl)bis[2,6<lifluoro-3-(5,5^imethyI-2-pynrolidinon-1-yl)phenyl]titaniurn t bisCcydopentadienylJbisp.S-difluoro-S-CG.e- 
diphenyl-2-piperidinon-1-yl)phenyl]titanium, bis(cydopentadienyl)bis[2,6-difluoro-3-(N-2,3-dihydro-1 t 2-benzisothiazol- 
3-one(1,1-dioxide)-2-yl)phenyf]titanium, bis(cydopentadienyl)bis[2,6-difIuoro-3-(N-hexyl-(4-chIorobenzoyl)amino)phe- 
nyipanium, bis(cydopentadienyl)bis[2,6-difluoro-3-(N-hexyl-(2-chlorobenzoyl)amino)phenyl]tita^ bis(cydopenta- 
dienyl)bis[2,6KJifluorch3-(N-isopropyl-(4^hlorobenzoyl)amino)phenyl]titanium, bis(cydopentadienyl)bis[2,6-difluoro-3- 
(N-(4-methylpheny!methyiH4-chlorobenzoyl)amino)phenyipanium, bis(cydopentadienyl)bis[2,6-difluoro-3-(N-(4- 
methy!phenylmethyl)(2-chlorobenzoyl)amino)phenyl]titanium, bis(cyclopentadienyl)bis[2,6-difluoro-3-(N-butyl-(4- 
chorobenzoyl)amino)phenyl]titanium, bis(cydopentadienyl)bis[2,6-difluoro-3-(N-benzyl-2,2-dimethyIpen- 
tanoyIamino)phenyipanium, bis(cydopentadienyl)bis[2,6Klifluoro-3-(N-(2-ethylhexylH4olyl-sulfonyl)amino)phe- 
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nyljtitanium, bis(cydopentadienyl)bis[2 t 6Klifluoro^ 

bis{cydopentadienyt)bis[2,6Hfrfluor^ bis(cyclopentadienyl)bis[2,6- 
difluoro-a-(trifluoromethylsulfonyl)amino)phenyl]titanium, bis(cyclopentadienyl)bis[2,6-<llfluoro-3-(trifluoro- 
acetytamino)pheny!]titanium, bis(cyclopentadieny1)bis[2,6-difluoro-3-(2K^^ 

bis(cydopentadienyl)bis[2,6-difluorcH3-<4-^^ bis(cydopentadienyl)bis[2,6-difluoro- 
3-(N-(3,6-dioxadecyt)-2,2-dimethytpentanoylamino)phenyl]titanium f bis(cydopentadienyl)bis[2,6-difluoro-3-(N-(3 r 7- 
dimethyt-7-methoxyoctyl)ben2oylamino)phenyI]titanium and bis(cydopentadienyl)bis[2,6-difluoro-3-(N-cydohexylben- 
zoylamino)phenyQtitanium. 

[0084] Examples of the adive ester compound (j) as still another example of the photopolymerization initiator 
indude imidosulfonate compounds described in JP-B-62-6223 and active sulfonates described in JP-B-63-14340 and 
JP-A-59-1 74831. 

[0085] Preferred examples of the compound (k) having a carbon halogen bond as one example of the polymeriza- 
tion initiator indude those represented by the following formulae [IV] to [X]. 
[0086] A compound represented by formula [IV]: 




[IV] 



wherein X 2 represents a halogen atom, Y 2 represents -C(X 2 )3, -NH 2 , -NHR 32 -NR 32 or -OR 32 (wherein R 32 represents 
an alkyl group, a substituted alkyl group, an aryl group or a substituted aryl group) and R 31 represents -C(X 2 ) 3 , an alkyl 
group, a substituted alkyl group, an aryl group, a substituted aryl group or a substituted alkenyl group. 
[0087] A compound represented by formula [V]: 



M — N 



A k 



[V] 



wherein R 33 represents an alkyl group, a substituted alkyl group, an alkenyl group, a substituted alkenyl group, an aryl 
group, a substituted aryl group, a halogen atom, an alkoxy group, a substituted alkoxyl group, a nitro group or a cyano 
group, X 3 represents a halogen atom and n represents an integer of from 1 to 3. 
[0088] A compound represented by formula [VI]: 



R^-CHp^R 35 [VI] 
wherein R 34 represents an aryl group or a substituted aryl group, R 35 represents 

N— N 



-C— NR 36 R 37 C — NR 36 R 37 II u 




or a halogen, Z 2 represents -C(=0)-, -C(=S>- or -S0 2 -, R 36 and R 37 each represents an alkyl group, a substituted alkyl 
group, an alkenyl group, a substituted alkenyl group, an aryl group or a substituted aryl group, R 38 has the same mean- 
ing as R 32 in formula [IV], X 3 represents a halogen atom and m represents 1 or 2. 
[0089] A compound represented by formula [VII]: 
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CH=CH-V-R 



35 



[VII] 



,40 



10 



15 



20 



wherein R 39 represents an aryl group which may be substituted or a heterocyclic group which may be substituted, R 40 
represents a trihaloaikyl or trihaloalkenyl group having from 1 to 3 carbon atoms and p represents 1, 2 or 3. 
[0090] A carbonylmethylene heterocyclic compound having a trihalogenomethyl group, represented by formula 
[VIII]: 



O 

/ \ _ / c 

\ / C_C N, 
N L 



-(R 41 ) q (CX*) r 



[VIII] 



25 



30 



wherein L represents hydrogen atom or a substituent represented by the formula: CO-(R 41 ) q (C(X 4 ) 3 ) p Q represents sul- 
fur atom, selenium atom, oxygen atom, a dialkylmethylene group, an alken-1 ,2-ylene group, 1 t 2-phenylene group or an 
N-R group, M represents a substituted or unsubstituted alkylene or alkenylene group or a 1,2-arylene group, R 42 rep- 
resents an alkyl group, an aralkyl group or an alkoxyalkyl group, R 41 represents a carbocyclic or heterocyclic divalent 
aromatic group, X 4 represents chlorine atom, bromine atom or iodine atom, and q=0 and r=1 or q=1 and r=1 or 2. 
[0091] A 4-halogeno-5-(halogenomethyl-phenyl)-oxazole derivative represented by formula [IX]: 



35 



40 




[IX] 



CH 3-t X t 



45 wherein X 5 represents a halogen atom, t represents an integer of from 1 to 3, s represents an integer of from 1 to 4, 
R 43 represents hydrogen atom or a CH3_ t X 5 t group and R 44 represents an s-valent unsaturated organic group which 
may be substituted. 

[0092] A 2-(halogenomethyl-phenyl)-4-halogeno-oxazole derivative represented by formula [X]: 



50 
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5 



10 




wherein X 6 represents a halogen atom, v represents an integer of from 1 to 3, u represents an integer of from 1 to 4, 
R 45 represents hydrogen atom or a CH^yX 6 ^, group and R 46 represents a u-valent unsaturated organic group which 
1 5 may be substituted. 

[0093] Specific examples of the compound having a carbon-halogen bond include: compounds described, for 
example, in Wakabayashi et al, Bull. Chem. Soc. Japan. 42, 2924 (1969), such as 2-phenyM,6-bis(trichloromethyl)-S- 
triazine, 2-(p-chlorophenyiH.^ is (t ricn l° ro ^ 2-(p-tolylH.^bis(trichloromethyl)-S-triazjne, 2-(p-meth- 

oxyphenyl)-4.6-b's(trichloromethyl)-S-triazine t 2-(2 , ,4 , -dichlorophenyl)-4.6-bts(trichloromethyi)-S-triazine, 2,4,6- 

20 tris(trichloromethyt)-S-triazine t 2-methyl-4,6-bis(trichloromethyl)-S-triazine, 2-n-nonyl-4,6-bis(trichloromethyt)-S-tri- 
azine and 2-(v,v,3-trichloroethyl)-4,6-bis(trichloromethyl)-S-triazine; compounds described in British Patent 1,388,492 
such as 2-styryM,6-bis(trichloromethyl)-S-triazine, 2-(p-methylstyryl)-4.6-bis(trichloromethyl)-S-tria2ine, 2-{p-methoxy- 
styryl)-4.6-bis(trichloromethyl)-S-triazine and 2-(p-methoxystyry1>-4-arnino-6-trichloromethyl-s-triazine; compounds 
described in JP-A-53-1 33428 such as 2-(4-methoxynaphtho-1-ylH.64)'s-trichloromethyl-S-triazine, 2-(4-ethoxynaph- 

25 tho-1-yl)-4.6-bis-trichloromethyl-S-triazine, 2-{4-(2-ethoxyethyl)-naphtho-1-yl]-4,6-bis-trichloromethyl-S-triazine, 2-(4,7- 
dimethoxynaphtho-1 -yl)-4»6-bis-trichloromethyl-S-triazine and 2-(acenaphtho-5-yl)-4»6-bis-trichloromethyl-S-triazine; 
compounds described in German Patent No. 3,337,024 such as 



30 



35 



40 



45 



50 



55 



cci 3 

* 3 c rN> /-y CH=CH yy 0CH3 

NyN W W 
CC1 3 

ci 3 c r N v _ H Q HCH=CH . 



CCI3 




cl30 r}rO CH = CH ^ 



CI 



cci 3 



compounds shown below: 
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Cl3 VV-f>CH=CH-0 



CC1 3 



CCI3 



.ci 3 c yN> _ h Q ch=ch _ j Q) 

NyN W 



CCI3 

CI3C 



CC13 




compounds described in F.C. Schaefer et ai. f J. Org. Chem. . 29, 1527 (1964) such as 2-methyl-4,6-bis(tribromomethyl>- 
S-triazine, 2,4,6-tris(tribromomethyl)-S-tria2ine, 2,4,6-tris(tribromomethyl)-S-triazine, 2-amino-4-methyl-6-tribromome- 
thyl-S-triazine and 2-methoxy-4-methyl-6-trichloromethyl-S-triazine; compounds described in JP-A-62-58241 such as 
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CC1 3 



CI3C 



yv-O-c 



CCI3 




CI3C 



^V-Q-c-chQch 3 



CC13 



cci3 

CI3C N- 

CC13 

C13C 




CH 3 

C^C-(^\cH 
CH 3 



CH 2 CH 3 



CCI3 



compounds described in JP-A-5-281728 such as 
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Br CC1 3 



compounds shown below, which can be easily synthesized by a person skilled in the art according to the synthesis 
method described in M.R Hutt, E.F. Elslager and LM. Herbel, Journal of Heterocyclic Chemistry. Vol. 7 (No. 3), page 
511 etseq. (1970): 
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NC-Q-4 0 5-CCl 3 

ci -0-€5-cc,3 
q-C5-cc,3 

CH 3 

04 O )-CC,3 
CH 3 
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S0 2 -CBr 2 -C-N \ — f 
0 V ° H 3 

/"VsO? - CHBr- ON^3 
W & N CH 3 

^^-SO 2 -CBr 2 -C0 2 ~{^y 
^^-S0 2 CBr 2 - C0 2 - CH 2 

CH 3 -^^-S0 2 -CBr 2 -C0 2 CH 3 

O" so2 " cci2 " c ° 2 

/"\ n-C 4 Hg 

f VS0 2 -CBr 2 -C-N 
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compounds described in German Patent No. 2,641,100 such as 4-(4-methoxystyryl)-6-(3,3,3-trichloropropeny1)-2- 
pyrone and 4-(3,4,5-trimethoxystyryI)-6-trichloromethyl-2-pyrone; compounds described in German Patent No. 
3,333,450 such as 
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II 
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I 42 

wherein R 41 represents a benzene ring and R 42 represents an alky! group, an aralkyi group or an alkoxyalkyl group. 
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(continued) 
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compounds described in German Patent No. 3,021,590: 
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compounds described in German Patent No. 3,021,599 such as 
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[0094] Among these photopolymerization initiators for use in the present invention, more preferred are (a) aromatic 
ketones, (b) aromatic onium salts, (c) organic peroxides, (e) hexaaryibiimidazoles, (i) metallocene compounds and (k) 
compounds having a carbon-halogen bond, and most preferred are aromatic iodonium salts, aromatic diazonium salts, 
titanocene compounds and trihaiomethyl-S-triazine compounds represented by formula [IV]. 
35 [0095] The photopolymerization initiators for use in the present invention are suitably used individually or in combi- 
nation of two or more thereof. 

[0096] Examples of the sensitizing dye which can work as one component of the photopolymerization composition 
of the present invention include a spectral sensitizing dye and a dyestuff or pigment which absorbs light of a light source 
and interacts with the photopolymerization initiator. 

40 [0097] Preferred examples of the spectral sensitizing dye or dyestuff include polynuclear aromatic compounds 
(e.g., pyrene, perylene, triphenylene), xanthenes (e.g., Fluorescene, eosine, erythrosine, Rhodamine B, Rose Bengal), 
cyanines (e.g., thiacarbocyanine, oxacarbocyanine), merocyanines (e.g., merocyanine, carbomerocyanine), thiazines 
(e.g., thionine, methylene blue, toluidine blue), acridines (e.g., Acridine orange, chloroflavin, acriflavine), phthalocy- 
anines (e.g., phthalocyanine, metallo-phthalocyanine), porphyrins (e.g., tetraphenyl porphyrin, center metal-substituted 

45 porphyrin), chlorophylls (e.g., chlorophyll, chlorophyllin, center metal-substituted chlorophyll), metal complexes such as 
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anthraquinones (e.g., anthraquinone) and squaliums (e.g., squalium). More preferred examples of the spectral sensitiz- 
ing dye or dyestuff include styryl-based dyes described in JP-B-37-13034 such as 




cationic dyes described in JP-A-62-1 43044 such as 
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25 quinoxalium salts described in JP-B-59-24147 such as 
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new Methylene Blue compounds described in JP-A-64-33104 such as 
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anthraquinones described in JP-A-64-56767 such as 
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benzoxanthene dyes described in JP-A-2-1714; acridines described in JP-A-2-226148 and JP-A-2-226149 such as 
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cyanines described in JP-B^6-42363 such as 
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conjugate ketone dyes described in JP-A-2-85858 and JP-A-2-216154 such as 
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dyes described in JP-A-57-10605; azacinnamylidene derivatives described in JP-B-2-30321 such as 
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xanthene-based dyes described in JP-A-62-31844, JP-A-62-31848 and JP-A-62-143043 such as 




C2H5OCH2CH2CH2 
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aminostyryl ketones described in JP-B-59-28325 such as 



CH3 0 

CH ^ "\ = / CH=CH ~^~ CH==CH ~t^~ C1 * 



CH 3 



CH 3 




0 
II 



CH=CH-C-CH=CH 




CN 



CH 3 

V 
CH 3 ' 




0 
ii 



CH=CH-C-CH=CH 




OCH 3 



merocyanine dyes represented by the following formulae [1] to [8] described in JP-B-61-9621 such e 
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[8] 



wherein in formula [3] to [8], X 8 represents a hydrogen atom, an alkyl group, a substituted alkyl group, an alkoxy group, 
an aryl group, a substituted aryl group, an aryloxy group, an aralkyl group or a halogen atom, in formula [2], Ph repre- 
sents a phenyl group and in formulae [1] to [8], R 48 , R 49 and R 50 , which may be the same or different, each represents 
an alkyl group, a substituted group, an alkenyl group, an aryl group, a substituted aryl group or an aralkyl group); dyes 
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represented by the following formulae [9] to [11] described in JP-A-2-1 79643 such as 
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wherein A represents oxygen atom, sulfur atom, selenium atom, tellurium atom, an alkyl- or aryl-substituted nitrogen 
atom or a dialkyl-substituted carbon atoms, Y 3 represents hydrogen atom, an alkyl group, a substituted alkyl group, an 
35 aryl group, a substituted aryl group, an aralkyl group, an acyl group or a substituted alkoxycarbonyl group, R 51 and R 52 
each represents hydrogen atom, an alkyl group having from 1 to 18 carbon atoms or a substituted alkyl group having 
from 1 to 18 carbon atoms containing as a substituent R^O-, 
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50 

-(CH 2 CH 2 0)-R 53 or a halogen atom (e.g., F, CI, Br, I) (wherein R 53 represents hydrogen atom or an alkyl group having 
from 1 to 10 carbon atoms and B represents a dialkylamino group, a hydroxyl group, an acyloxy group, a halogen atom 
or a nitro group), w represents an integer of from 0 to 4 and x represents an integer of from 1 to 20); merocyanine dyes 
represented by the following formula [12] described in JP-A-2-244050: 

55 
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/ c===c v / C— [12] 

lc. ^ \ O 

R CT R" 



w wherein R 54 and R 55 each independently represents hydrogen atom, an alkyi group, a substituted alky! group, an alkox- 
ycarbonyl group, an aryl group, a substituted aryl group or an aralkyl group, A 2 represents oxygen atom, sulfur atom, 
selenium atom, tellurium atom, an alkyi- or aryl-substituted nitrogen atom or a dialkyl-substituted carbon atom, X 9 rep- 
resents a nonmetallic atom group necessary for forming a nitrogen-containing 5-membered heterocyclic ring, Y 4 repre- 
sents a substituted phenyl group, an unsubstituted or substituted polynuclear aromatic ring or an unsubstituted or 

f 5 substituted alkyi heteroaromatic ring, Z 3 represents hydrogen atom, an alkyi group, a substituted aikyl group, an aryl 
group, a substituted aryl group, an aralkyl group, an alkoxy group, an alkylthio group, an arylthio group, a substituted 
amino group, an acyl group or an alkoxycarbonyl group and Z 3 and Y 4 may combine with each other to form a ring, of 
which preferred specific examples are set forth below: 
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(n)C 8 H 17 




merocyanine dyes represented by the following formula [13] described in JP-B-59-28326: 
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[13] 



wherein R 56 and R 57 , which may be the same or different, each represents hydrogen atom, an alkyl group, a substituted 
alkyt group, an aryl group, a substituted aryl group or an aralkyl group and X 10 represents a substituent having a Ham- 
metfs <t> value of from -0.9 to +0.5; merocyanine dyes represented by the following formula [14] described in JP-A-59- 
f5 89303: 




[14] 



25 wherein R 58 and R 59 each represents hydrogen atom, an alkyl group, a substituted alkyl group, an aryl group, a substi- 
tuted aryl group or an aralkyl group, X 11 represents a substituent having a Hammett's O value of from -0.9 to +0.5 and 
Y 5 represents hydrogen atom, an alkyl group, a substituted alkyl group, an aryl group, a substituted aryl group, an 
aralkyl group, an acyl group or an alkoxycarbonyl group, of which preferred specific examples are set forth 
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35 merocyanine dyes represented by the following formula [15] described in Japanese Patent Application No. 6-269047: 
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[15] 



wherein R 60 , R 61 , R 62 , R 63 , R 68 , R 69 , R 70 and R 71 each independently represents hydrogen atom, a halogen atom, an 
alkyl group, a substituted alkyl group, an aryf group, a substituted aryl group, a hydroxy! group, a substituted oxy group, 
a mercapto group, a substituted thio group, an amino group, a substituted amino group, a substituted carbonyl group, a 
sulfo group, a sulfonato group, a substituted sulfinyl group, a substituted sulfonyl group, a phosphono group, a substi- 
tuted phosphono group, a phosphonato group, a substituted phosphonato group, a cyano group or a nitro group, or R 60 
and R 61 , R 61 and R 62 , R 62 and R 63 , R 68 and R 69 , R 69 and R 70 , or R 70 and R 71 may combine with each other to form 
an aliphatic or aromatic ring, R 64 represents hydrogen atom, an alkyl group, a substituted alkyl group, an aryl group or 
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a substituted aryl group, R 65 represents a substituted or unsubstituted alkenylalkyl group or a substituted or unsubsti- 
tuted alkynylalkyl group and R 66 and R 67 each independently represents hydrogen atom, a halogen atom, an alkyl 
group, a substituted alkyl group, an aryl group, a substituted aryl group or a substituted carbonyl group, of which pre- 
ferred specific examples include: 

5 



10 




15 

and benzopyrane-based dyes represented by the following formula [16] described in Japanese Patent Application No. 
7-164583: 



R " R 



25 




[16] 



R " 



30 wherein R 72 to R 75 each independently represents hydrogen atom, a halogen atom, an alkyl group, an aryl group, a 
hydroxyl group, an alkoxy group or an amino group, R 72 to R 75 each may form a ring comprising nonmetallic atoms 
together with the carbon atom to which R 72 to R 75 each may combine, R 76 represents hydrogen atom, an alkyl group, 
an aryl group, a heteroaromatic group, a cyano group, an alkoxy group, a carboxy group or an alkenyl group, R 77 rep- 
resents a group represented by R 76 or -Z-R 76 , Z represents a carbonyl group, sulfonyl group, a sulfinyl group or an 

35 arylene dicarbonyl group, R 76 and R 77 may form together a ring comprising nonmetallic atoms, A represents O atom, 
S atom, NH or N atom having a substituent, B represents O atom or =C(G1)(G2) (wherein G1 and G2, which may be 
the same or different, each represents hydrogen atom, a cyano group, an alkoxycarbonyl group, an aryloxycarbonyl 
group, an acyl group, an arylcarbonyl group, an alkylthio group, an arylthio group, an alkylsulfonyl group, an arylsulfonyl 
group or a fluorosulfonyl group, provided that G1 and G2 are not hydrogen atom at the same time, and G1 and G2 may 

40 form a ring comprising nonmetallic atoms together with the carbon atom). 

[0098] Other than these, particularly, the following infrared absorbents (dye or pigment) are suitably used as the 
sensitizing dye. 

[0099] Preferred examples of the dye include cyanine dyes described in JP-A-58-1 25246, JP-A-59-84356, JP-A- 
59-202829 and JP-A-60-78787, and cyanine dyes described in British Patent 434,875. 

45 [0100] Also, near infrared absorbing sensitizers described in U.S. Patent 5,156,938 may be suitably used. In addi- 
tion, substituted arylbenzo(thio)pyrylium salts described in U.S. Patent 3,881,924, trimethinethiapyrylium salts 
described in JP-A-57-1 42645 (U.S. Patent 4,327,169), pyrylium-based compounds described in JP-A-58-1 81 051, JP- 
A-58-220143, JP-A-59-41363, JP-A-59-84248, JP-A-59-84249, JP-A-59-1 46063 and JP-A-59-146061, cyanine dyes 
described in JP-A-59-216146, pentamethinethiopyrylium salts described in U.S. Patent 4,283,475, and pyrylium com- 

50 pounds described in JP-B-5-13514 and JP-B-5-19702 may also be suitably used. 

[0101] Other preferred examples of the dye include near infrared absorbing dyes represented by formulae (I) and 
(II) of U.S. Patent 4,756,993 and phthalocyanine-based dyes described in EP-A-916513. 

[01 02] Furthermore, anionic infrared absorbents described in Japanese Patent Application No. 1 0-7991 2 may also 
be suitably used. The term anionic infrared absorbent means a dye not having a cationic structure but having an anionic 
55 structure in the mother nucleus which substantially absorbs an infrared ray. Examples thereof include (c1 ) an anionic 
metal complex, (c2) an anionic carbon black, (c3) an anionic phthalocyanine and (c4) a compound represented by the 
following formula 6. In these anionic infrared absorbents, the counter cation is a monovalent cation containing a proton, 
or a polyvalent cation. 
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(6) 
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[0103] The anionic metal complex (c1) as used herein means a metal complex such that the center metal and lig- 
and in the complex moiety which substantially absorbs light are anionic as the whole. 
10 [0104] Examples of the anionic carbon black (c2) include carbon black where an anionic group such as sulfonic 
acid, a carboxylic acid or a phosphonic acid group is connected as a substituent. Such a group may be introduced into 
the carbon black by a method of oxidizing carbon black with a predetermined acid, described in Carbon Black Binran 
Dai 3 Han (Carbon Black Handbook. 3rd Edition) , page 12, complied by Carbon Black Kyokai and issued by Carbon 
Black Kyokai (April 5, 1 995). 

15 [0105] The anionic phthalocyanine (c3) means a phthalocyanine such that an anionic group described for (c2) is 
bonded as a substituent to the phthalocyanine skeleton and the phthalocyanine as the whole is anionic. 
[0106] The compound represented by formula 6 (c4) is described in detail below. In formula 6, G a ~ represents an 
anionic substituent, G b represents a neutral substituent, X m represents a cation having from 1 to m valence and con- 
taining a proton, m represents an integer of from 1 to 6, and M represents a conjugate chain. The conjugate chain M 

20. may have a substituent or a ring structure. The conjugate chain M can be presented by the following formula: 



wherein R 1 , R 2 and R 3 each independently represents hydrogen atom, a halogen atom, a cyano group, an alkyl group, 
an aryl group, an alkenyl group, an alkynyl group, a carbonyl group, a thio group, a sulfonyl group, a sulfinyl group, an 
30 oxy group or an amino group, R 1 , R 2 and/or R 3 may combine with each other to form a ring structure, and n represents 
an integer of from 1 to 8. 

[0107] Preferred examples of the anionic infrared absorbent represented by formula 6 include the following com- 
pounds A-1 to A-5. 
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30 [0109] In these structural formulae, T represents a monovalent counter anion, preferably a halogen anion (e.g., P 
, CI", Br", I"), a Lewis acid anion (e.g., BF 4 ~, PF 6 ", SbCI 6 ~, Cl0 4 "), an alkylsulfonate anion or an arylsulfonate anion. 
[0110] The alkyl in the alkylsulfonic acid is a linear, branched or cyclic alkyi group having from to 20 carbon atoms 
and specific examples thereof include a methyl group, an ethyl group, a propyl group, a butyl group, a pentyl group, a 
hexyl group, a heptyl group, an octyl group, a nonyl group, a decyl group, an undecyl group, a dodecyl group, a tridecyl 

35 group, a hexadecyl group, an octadecyi group, an eicosyl group, an isopropyl group, an isobutyl group, a sec-butyl 
group, a tert-butyl group, an isopentyl group, a neopentyl group, a 1-methylbutyl group, an isohexyl group, a 2-ethylhexyl 
group, a 2-methyl hexyl group, a cyclohexyl group, a cyclopentyl group and 2-norbornyl group. Among these, linear alkyl 
groups having from to 12 carbon atoms, branched alkyl groups having from 3 to 12 carbon atoms and cyclic alkyl 
groups having from 5 to 10 carbon atoms are preferred. 

40 [01 1 1] The aryl in the arylsulfonic acid is an aryl group comprising one benzene ring or an aryl group resulting from 
the formation of a condensed ring by 2 or 3 benzene rings or by a benzene ring and a 5-membered unsaturated ring, 
and specific examples thereof include a phenyl group, a naphthyl group, an anthryl group, a phenanthryl group, an inde- 
nyl group, an acenaphthenyl group and a fluorenyl group, with a phenyl group and a naphthyl group being preferred. 
[0112] In addition, the following nonionic infrared absorbents NA-1 to NA-12 may also be preferably used. 
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NA-11 




[0113] Among these compounds, more preferred are anionic infrared absorbent A-1, cationic infrared absorbents 
CA-7, CA-30, CA-40 and CA-42, and nonionic infrared absorbent NA-11. 

[01 14] Other than these dyes, commercially available dyes and known dyes described in publications, for example, 
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Senrvo Binran (Handbook of Dves) . compiled by Yuki Gosei Kagaku Kyokai (1970) may be used. Specific examples 
thereof include dyes such as azo dye, metal complex salt azo dye, pyrazolone azo dye, naphthoquinone dye, anthraqut- 
none dye, phthalocyanine dye, carbonium dye, quinoneimine dye, methine dye, diimmonium dye, aminium dye, 
squarylium dye and metal thiolate dye. 
5 [0115] Also, in addition to those pigments which can be used as the sensitizing dye, commercially available pig- 
ments and pigments described in Color Index (CJ.) Binran (C.I. Handbook) . Saishin Ganryo Binran (Handbook of Latest 
Pigments), compiled by Nippon Ganryo Gijutsu Kyokai (1 977), Saishin Ganrvo Ovo Gijutsu (Latest Pigment Application 
Technology), CMC (1986), and Insatsu Ink Gijutsu (Printing Ink Technology), CMC (1984) may be used. The kind of the 
pigment includes black pigment, yellow pigment, orange pigment, brown pigment, red pigment, violet pigment, blue pig- 
to ment, green pigment, fluorescent pigment, metal powder pigment and polymer bond pigment. Specific examples of the 
pigment which can be used include insoluble azo pigments, azo lake pigments, condensed azo pigments, chelate azo 
pigments, phthalocyanine-based pigments, anthraquinone-based pigments, perylene- and perynone-based pigments, 
thioindigo-based pigments, quinacridone-based pigments, dioxazine-based pigments, isoindolinone-based pigments, 
quinophthalone-based pigments, dyed lake pigments, azine pigments, nitroso pigments, nitro pigments, natural pig- 
15 ments, fluorescent pigments, inorganic pigments and carbon black. Among these pigments, carbon black is preferred. 
[0116] These pigments each may or may not be surface-treated before use. 

[0117] The surface treatment may be performed a method of coating resin or wax on the surface, a method of 
attaching a surface active agent and a method of bonding a reactive substance (for example, silane coupling agent, an 
epoxy compound and polyisocyanate) to the pigment surface. These surface treatment methods are described in Kin- 
20 zoku Sekken no Seishitsu to Oyo (Properties and Application of Metal Soap) . Saiwai Shobo, Insatsu Ink Gijutsu (Print- 
ing Ink Technology). CMC (1984), and Saishin Ganryo Ovo Gijutsu (Latest Pigment Application Technology) . CMC 
(1986). 

[0118] The pigment preferably has a particle size of from 0.01 to 10 urn, more preferably from 0.05 to 1 urn, still 
more preferably from 0.1 to 1 \im. If the particle size of the pigment is less than 0.01 u.m, the dispersion is disadvanta- 
25 geous in view of the stability in the coating solution for the image recording layer, whereas if it exceeds 10 |im, disad- 
vantageous results may occur in view of the uniformity of the image recording layer. 

[01 19] For dispersing the pigment, known dispersion techniques used in the production of ink or toner may be used. 
Examples of the dispersing machine include ultrasonic disperser, sand mill, attritor, pearl mill, super-mill, ball mill, 
impeller, disperser, KD mill, colloid mill, dynatron, three roll mill and pressure kneader. These are described in detail in 

30 Saishin Ganrvo Ovo Gijutsu (Latest Pigment Application Technology) . CMC (1986). 

[0120] More preferred examples of the sensitizing dye for use in the present invention include the merocyanine 
dyes described in JP-B-61 -9621, the merocyanine dyes described in JP-A-2-1 79643, the merocyanine dyes described 
in JP-A-2-244050, the merocyanine dyes described in JP-B-59-28326, the merocyanine dyes described in JP-A-59- 
89303, the merocyanine dyes described in Japanese Patent Application No. 6-269047 and the benzopyrane-based 

35 dyes described in Japanese Patent Application No. 7-1 64583. 

[0121] Furthermore, the infrared absorbents described in JP-A-1 1-209001 may also be used. 
[0122] The sensitizing dyes for use in the present invention can be suitably used either individually or in combina- 
tion of two or more thereof. The photopolymerizable composition of the present invention may further contain as a co- 
sensitizer a known compound having a function to more improve sensitivity or to prevent polymerization inhibition due 

40 to oxygen. 

[01 23] Examples of the co-sensitizer includes amines such as the compounds described in M. R. Sander Journal of 
Polymer Society. Vol. 10, p. 3173 (1972), JP-B-44-20189, JP-A-51-82102, JP-A-52-1 34692, JP-A-59-1 38205, JP-A-60- 
84305, JP-A-62-18537, JP-A-64-33104 and Research Disclosure. No. 33825. Specific examples thereof include trieth- 
anolamine, ethyl rxlimethylaminobenzoate, p-formyldimethylaniline and p-methylthiodimethylaniline. 
45 [0124] Other examples of the co-sensitizer include thiols and sulfides such as the thiol compounds described in JP- 
A-53-702, JP-B-55-500806 and JP-A-5-142772 and disulfide compounds described in JP-A-56-75643. Specific exam- 
ples thereof include 2-mercaptobenzothiazole, 2-mercaptobenzoxazole, 2-mercaptobenzimidazole, 2-mercapto-4(3H)- 
quinazoline and p-mercaptonaphthalene. 

[0125] Still other examples of the co-sensitizer include amino acid compounds (e.g., N-phenylglycine), organo- 
50 metallic compounds described in JP-B-48-42965 (e.g., tributyltin acetate), hydrogen donors described in JP-B-55- 
34414, sulfur compounds described in Japanese Patent Application No. 5-91089 (e.g. trithian), phosphorus compounds 
described in Japanese Patent Application No. 5-32147 (e.g., diethyl phosphite), and Si-H and Ge-H compounds 
described in Japanese Patent Application No. 6-191605. 

[0126] The amount of the photopolymerization initiator used in the composition of the present invention is from 0.01 
55 to 60 wt%, preferably from 1 to 30 wt%, based on the weight of all components of the photopolymerizable composition. 
[0127] In the case of using a sensitizing dye, the molar ratio of the photopolymerization initiator to the sensitizing 
dye in the photopolymerizable composition is from 100:0 to 1:99, preferably from 90:10 to 10:90, most preferably from 
80:20 to 20:80. 
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[0128] In the case of using the above-described co-sensitizer, the co-sensitizer is suitably used in an amount of 
from 0.01 to 50 parts by weight, more preferably from 0.02 to 20 parts by weight, most preferably from 0.05 to 10 parts 
by weight, per part by weight of the photopolymerization initiator. 

[0129] The photopolymerizable composition of the present invention preferably contains a linear organic high 

5 molecular polymer as a binder. The "linear organic high molecular polymer" may be any polymer as long as it is a linear 
organic high molecular polymer having compatibility with the photopolymerizable ethylenically unsaturated compound. 
A water- or alkalescent water-soluble or swetlable linear organic high molecular polymer capable of water development 
or alkalescent water development is preferably selected. The linear organic high molecular polymer is used not only as 
a film forming agent of the composition but also as a developer while appropriately selecting it depending on the case 

10 where water, alkalescent water or organic solvent is used. For example, when a water-soluble organic high molecular 
polymer is used, water development can be performed. Examples of this linear organic high molecular polymer includes 
addition polymers having a carboxylic add group on the side chain such as methacrylic acid copolymer, acrylic acid 
copolymer, rtaconic acid copolymer, crotonic acid copolymer, maleic acid copolymer and partially esterified maleic acid 
copolymer, described in JP-A-59-44615, JP-B-54-34327, JP-B-58-12577, JP-B-54-25957, JP-A-54-92723. JP-A-59- 

15 53836 and JP-A-59-71048. Furthermore, acidic cellulose derivatives having a carboxylic acid group similarly on the 
side chain may be used. In addition, those obtained by adding a cyclic acid anhydride to an addition polymer having a 
hydroxy! group are also useful. Among these, copolymers of [benzyl (meth)acrylate/(meth)acrylic acid/other addition 
polymerizable vinyl monomer, if desired] and copolymers of [ally! (meth)acrylate/(meth)acrylic acid/other addition 
polymerizable vinyl monomer, if desired] are preferred. Other than these, polyvinyl pyrrolidone and polyethylene oxide 

20 are useful as the water-soluble linear organic polymer. In order to increase the strength of the cured film, alcohol-solu- 
ble polyamides and polyethers of 2,2-bis(4-hydroxyphenyl)propane with epichlorohydrin are also useful. 
[0130] The linear organic high molecular polymer may be mixed in the entire composition in an arbitrary amount. 
However, if the amount exceeds 90 wt% based on the weight of all components of the composition, disadvantageous 
results may be caused in view of the strength or the like of the image formed. The amount mixed is preferably from 30 

25 to 85%. The weight ratio of the photopolymerizable ethylenically unsaturated compound to the linear organic high 
molecular polymer is preferably from 1/9 to 7/3, more preferably from 3/7 to 5/5. 

[01 31] In the case where the compound having a structure represented by formula (I) of the present invention used 
is a high molecular type, the compound itself functions as a binder, therefore, the above-described binder may not be 
contained in the photopoymerizable composition. In using the compound in combination with the binder, the high 
30 molecular-type polymerizable compound of the present invention and the binder are used in the above-described 
weight ratio. 

Polymerization Inhibitor: 

35 [0132] In the present invention, in addition to those fundamental components, a slight amount of a thermal polym- 
erization inhibitor is preferably added so as to prevent unnecessary thermal polymerization of the compound having a 
polymerizable ethylenically unsaturated double bond during the production or storage of the photopolymerizable com- 
position. Suitable examples of the thermal polymerization inhibitor include hydroquinone, p-methoxyphenol, di-t-butyl- 
p-cresol, pyrogallol, tert-butylcatechol, benzoquinone, 4,4 , -thiobis(3-methyl-6-tert-butylphenol), 2,2'-methylenebis(4- 

40 methyl-6-tert-butylphenol) and N-nitrosophenylhydroxylamine primary cerium salt. The amount of the thermal polymer- 
ization inhibitor added is preferably from about 0.01 to about 5 wt% based on the weight of the entire composition. Also, 
if desired, a higher fatty acid derivative such as behenic acid and behenic acid amide may be added to allow it to be 
present unevenly on the surface of the photosensitive layer during the drying process after the coating so as to prevent 
the polymerization inhibition due to oxygen. The amount of the higher fatty acid derivative added is preferably from 

45 about 0.5 to about 1 0 wt% of the entire composition. 

Coloring Agent and the Like: 

[01 33] Furthermore, a dye or a pigment may also be added for the purpose of coloring the photosensitive layer. By 
so adding this, the printing plate can be improved in the visibility after the plate making or in the suitability for plate inspec- 
tion such as suitability for an image densitometer. The coloring agent is preferably a pigment because many dyes cause 
reduction in the sensitivity of the photopolymerizable system photosensitive layer. Specific examples of the coloring 
agent include pigments such as phthalocyanine-based pigment, azo-based pigment, carbon black and titanium oxide, 
and dyes such as Ethyl Violet, Crystal Violet, azo-based dyes, anthraquinone-based dyes and cyanine-based dyes. The 
55 amount of the dye or pigment added is preferably from about 0.5 to about 5 wt% based on the entire composition. 
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Other Additives: 

[01 34] In order to improve the physical properties of the cured film, an inorganic filler or other known additives such 
as plasticizer and ink receptivity agent capable of improving the inking property on the photosensitive layer surface, may 
5 also be added. 

[0135] Examples of the plasticizer include dioctyl phthalate, didodecyl phthalate, triethylene glycol dicaprylate, 
dimethyl glycol phthalate, tricresyl phosphate, dioctyl adipate, dibutyl sebacate and triacetyl glycerin, and when a binder 
is used, the plasticizer may be added in an amount of 1 0 wt% or less based on the total weight of the compound having 
an ethylenicaliy unsaturated double bond and the binder. 
10 [0136] Furthermore, in order to improve the film strength (press life) which is described later, an UV initiator, a heat 
cross-linking agent and the like capable of reinforcing the effect of heating/exposure after the development may also be 
added. 

[01 37] In addition, in order to improve the adhesion between the photosensitive layer and the support or to increase 
the developer removability of the unexposed photosensitive layer, an additive may be added or an interiayer may be pro- 

75 vided. For example, when a compound having a relatively strong interaction with the support, such as a compound hav- 
ing a diazonium structure and a phosphonic compound, is added or undercoated, the adhesive property can be 
improved and the press life can be prolonged. On the other hand, when a hydrophilic polymer such as poiyacrylic acid 
and polysulfonic acid is added or undercoated, the developability of the non-image area can be improved and the resist- 
ance against staining can be increased. 

20 [0138] The photopolymerizable composition of the present invention is coated on a support after dissolving it in an 
organic solvent of various types. Examples of the solvent which can be used here include acetone, methyl ethyl ketone, 
cyclohexane, ethyl acetate, ethylene dichloride, tetrahydrofuran, toluene, ethylene glycol monomethyl ether, ethylene 
glycol monoethyl ether, ethylene glycol dimethyl ether, propylene glycol monomethyl ether, propylene glycol monoethyl 
ether, acetylacetone, cyclohexanone, diacetone alcohol, ethylene glycol monomethyl ether acetate, ethylene glycol 

25 ethyl ether acetate, ethylene glycol monoisopropyl ether, ethylene glycol monobutyl ether acetate, 3-methoxypropanol, 
methoxymethoxyethanol, diethylene glycol monomethyl ether, diethylene glycol monoethyl ether, diethylene glycol 
dimethyl ether, diethylene glycol diethyl ether, propylene glycol monomethyl ether acetate, propylene glycol monoethyl 
ether acetate, 3-methoxypropyl acetate, N,N-dimethylformamide, dimethyl sulfoxide, -y-butyrolactone, methyl lactate 
and ethyl lactate. These solvents may be used individually or in combination. The solid concentration in the coating 

30 solution is suitably from 2 to 50 wt%. 

[0139] The coverage of photosensitive layer on a support has an effect mainly on the sensitivity of the photosensi- 
tive layer, the developability, and the strength and press life of the exposed film, therefore, an appropriate coverage is 
preferably selected according to the use. If the coverage is too small, a sufficiently long press life may not be obtained, 
whereas if the coverage is excessively large, the sensitivity decreases, the exposure takes a time and the development 

35 also requires a longer time. In the case of a lithographic printing plate for scanning exposure, which is the main object 
of the present invention, the coverage is suitably from about 0.1 to about 10 g/m 2 , more preferably from 0.5 to 5 g/m 2 , 
in terms of the dry weight 

Support: 

40 

[0140] For obtaining a lithographic printing plate which is one of the principal objects of the present invention, the 
photosensitive layer is preferably provided on a support having a hydrophilic surface. To this purpose, any known 
hydrophilic support used for lithographic printing plates may be used without any limitation. The support used is prefer- 
ably a dimensionally stable plate-like material. Examples thereof include paper, paper laminated with plastics (e.g., pol- 

45 yethylene, polypropylene, polystyrene), sheet of a metal (e.g., aluminum, zinc, copper), plastic film (e.g., cellulose 
diacetate, cellulose triacetate, cellulose propionate, cellulose butyrate, cellulose acetate butyrate, cellulose nitrate, pol- 
yethylene terephthalate, polyethylene, polystyrene, polypropylene, polycarbonate, polyvinyl acetal) and paper or plastic 
film laminated with or having deposited thereon the above-described metal. The surface of these supports may also be 
subjected to a known appropriate physical or chemical treatment, if desired, so as to impart hydrophilicity, improve the 

50 strength and the like. 

[0141] Among those supports, preferred are paper, polyester film and aluminum plate, and more preferred is alu- 
minum plate because it is dimensionally stable and relatively inexpensive and can have a surface excellent in the 
hydrophilicity and strength by a surface treatment, if desired. Also, a composite sheet obtained by bonding an aluminum 
plate on a polyethylene terephthalate film described in JP-B-48-18327 may be preferably used. 
55 [0142] The aluminum plate is suitably a pure aluminum plate or an alloy plate mainly comprising aluminum and con- 
taining a trace amount of foreign elements. Also, a plastic film laminated with or having deposited thereon aluminum 
may be used. Examples of the foreign element contained in the aluminum alloy include silicon, iron, manganese, cop- 
per, magnesium, chromium, zinc, bismuth, nickel and titanium. The foreign element content in the alloy is at most 10 
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wt% or less. In the present invention, pure aluminum is preferred, however, it is difficult to produce a completely pure 
aluminum in view of the smelting technology, therefore, an aluminum containing a trace amount of foreign elements may 
be used. As such, the composition of the aluminum plate for use in the present invention is not specified and an alumi- 
num plate comprising conventionally known and used materials may be appropriately used. The aluminum plate for use 
5 in the present invention preferably has a thickness of approximately from 0.1 to 0.6 mm, more preferably from 0.15 to 
0.4 mm, still more preferably from 0.2 to 0.3 mm. 

[0143] In the case of a support having a metal surface, particularly an aluminum surface, the support is preferably 
subjected to a surface treatment such as surface roughening (graining), dipping in an aqueous solution of sodium sili- 
cate, potassium fluorozirconate or phosphate, or anodic oxidation. 

10 [0144] The surface roughening of the aluminum plate is performed by various methods, for example, by a method 
of mechanically roughening the surface, a method of electrochemically dissolving and roughening the surface or a 
method of chemically dissolving the selected surface. In the mechanical surface roughening, a known method such as 
ball polishing, brush polishing, blast polishing or buff polishing may be used. The electrochemical surface roughening 
may be performed by passing an alternating current or direct current through the electrolytic solution such as hydrochlo- 

15 ric acid or nitric acid. These two surface roughening treatments may be used in combination as disclosed in JP-A-54- 
63902. In advance of surface-roughening the aluminum plate, the aluminum plate is, if desired, subjected to a degreas- 
ing treatment with, for example, a surface active agent, an organic solvent or an alkaline aqueous solution so as to 
remove the rolling oil on the surface. 

[0145] Furthermore, an aluminum plate subjected to a surface roughening treatment and then to a dipping treat- 
20 ment in an aqueous sodium silicate solution may be preferably used. An aluminum plate subjected to an anodic oxida- 
tion treatment and then to a dipping treatment in an aqueous solution of alkali metal silicate described in JP-B-47-5125 
is suitably used. The anodic oxidation treatment is performed by applying an electric current to the aluminum plate as 
an anode in an electrolytic solution, for example, in an aqueous or non-aqueous solution of an inorganic acid such as 
phosphoric acid, chromic acid, sulfuric acid or boric acid, an organic acid such as oxalic acid or sulfamic acid, or a salt 
25 thereof. These aqueous or non-aqueous solutions may be used individually or in combination of two or more thereof. 
[0146] The silicate electrodeposition described in U.S. Patent 3,658,662 is also effective. 

[0147] A combination of the above-described support subjected to electrolysis graining disclosed in JP-B-46- 
27481, JP-A-52-58602 and JP-A-52-30503 with anodic oxidation treatment and sodium silicate treatment is also useful. 
[0148] A support subjected in sequence to mechanical graining, chemical etching, electrolysis graining, anodic oxi- 
30 dation treatment and sodium silicate treatment as in JP-A-56-28893 is also suitably used. 

[0149] Furthermore, a support subjected to, after the above-described treatments, an undercoating treatment with 
a water-soluble resin such as a polyvinyl phosphonic acid, a polymer or copolymer having a sulfonic acid group on the 
side chain, a polyacrylic acid or a water-soluble metal salt (e.g., zinc borate) or with a yellow dye or an amine salt may 
also be suitably used. 

35 [01 50] A sol-gel treated substrate having covalent-bonded thereto a functional group capable of bringing out an 
addition reaction by radicals described in Japanese Patent Application No. 5-304358 is also suitably used. 
[01 51] Other preferred examples include those obtained by providing a water-resistant hydrophilic layer as the sur- 
face layer on an arbitrary support. Examples of the surface layer include a layer comprising an inorganic pigment and 
a binder described in U.S. Patent 3,055,295 and JP-A-56-13168, a hydrophilic swelling layer described in JP-A-9- 

40 80744, and a sol-gel film comprising titanium oxide, polyvinyl alcohol and a silicic acid described in JP-W-8-507727 (the 
term "JP-W as used herein means an "unexamined published international patent application"). 
[01 52] The hydrophilizing treatments are applied not only to render the support surface hydrophilic but also to pre- 
vent harmful reaction of the photopolymerizable composition coated thereon and at the same time to improve the adhe- 
sion of the photosensitive layer. 

45 

[Protective Layer] 

[01 53] In the present invention, the lithographic printing plate for scanning exposure is usually exposed in air, there- 
fore, a protective layer may be further provided on the photopolymerizable composition. The protective layer prevents 

so basic substances and the like present in air, which inhibit the image-formation reaction caused in the photosensitive 
layer upon exposure, from mixing into the photosensitive layer and thereby enables the exposure in the air. Accordingly, 
the protective layer is required to have low permeability to low molecular compounds and preferably further has capa- 
bilities of not substantially inhibit the transmission of light used for the exposure, exhibiting excellent adhesion to the 
photosensitive layer and being easily removed in the development step after the exposure. The protective layer has 

55 been conventionally designed as such and this is described in detail in U.S. Patent 3,458,311 and JP-A-55-49729. 
Examples of the material which can be used for the protective layer is a water-soluble polymer compound having rela- 
tively excellent crystallinity. Specific examples thereof include water-soluble polymers such as polyvinyl alcohol, polyvi- 
nyl pyrrolidone, acidic celluloses, gelatin, gum arabi and polyacrylic acid. Among these, polyvinyl alcohol is preferably 
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used as the main component because most advantageous results can be given to the fundamental properties such as 
oxygen shutting out property and development removability. The polyvinyl alcohol for use in the protective layer has 
necessary oxygen shutting out property and water solubility, therefore, as long as it contains an unsubstituted vinyl alco- 
hol unit, a part may be displaced with an ester, an ether or an acetal. Similarly, a part may have another copolymer com- 

5 ponent. Examples of the polyvinyl alcohol which can be used include those having a hydrolysis degree of from 71 to 
100 mol% and a weight average molecular weight of from 300 to 2,400. Specific examples thereof include PVA-105, 
PVA-110, PVA-117, PVA-117H, PVA-120, PVA-124, PVA-124H, PVA-CS, PVA-CST, PVA-HC, PVA-203, PVA-204, 
PVA-205, PVA-210. PVA-217, PVA-220, PVA-224, PVA-217EE, PVA-217E, PVA-220E, PVA-224E, PVA-405, PVA-420, 
PVA-613 and L-8 produced by Kuraray Co., Ltd. 

w [0154] The components of the protective layer (e.g., selection of PVA, use of additives) and the coated amount 
thereof are selected by taking account of, in addition to the shutting out property against low molecular substances and 
the development removability, fogging, adhesive property and scratch resistance. In general, PVA having a higher 
hydrolysis ratio (namely, the protective layer has a higher unsubstituted vinyl alcohol unit content) and the layer thick- 
ness is larger, the low molecular substance shutting out property becomes stronger and this is more advantageous in 

15 view of sensitivity. However, if the low molecular substance shutting out property is extremely intensified, an unneces- 
sary polymerization reaction may be caused during the production or stock storage or unnecessary fogging or thicken- 
ing of image lines may be generated during the image exposure. Furthermore, the adhesive property to the image area 
and the scratch resistance are very important in view of handling of the plate. That is, when a hydrophilic layer compris- 
ing a water-soluble polymer is laminated on a lipophilic polymer layer, the layer is readily peeled off due to insufficient 

20 adhesion. To overcome this problem, various proposals have been made to improve the adhesive property between 
those two layers. For example, U.S. Patents 292,501 and 44,53 describe a technique of mixing from 20 to 60 wt% of an 
acrylic emulsion or a water-insoluble vinyl pyrrolidone-vinyl acetate copolymer in a hydrophilic polymer mainly compris- 
ing polyvinyl alcohol and stacking it on a polymer layer, thereby obtaining a sufficiently high adhesive property. These 
known techniques all can be applied to the protective layer for use in the present invention. The coating method of the 

25 protective layer is described in detail, for example, in U.S. Patent 3,458,311 and JP-A-55-49729. 

[01 55] Furthermore, other functions may be imparted to the protective layer. For example, when a laser ray is used 
as the light source, the photosensitive composition is sometimes intended to exhibit excellent sensitivity to light at the 
wavelength of the light source but not to be photosensitized by light at other wavelengths. In the case where the light 
source emits light in the infrared region of 750 nm or more, the plate may be used substantially in a bright room, how- 

30 ever, photosensitization takes place even by short-wave light such as light of a fluorescent lamp. In such a case, a color- 
ing agent (e.g., water-soluble dye) ensuring excellent transmittance of light of the light source and favored with 
capability of efficiently absorbing light at a wavelength of less than 700 nm is preferably added. 
[0156] In another example where a light source which emits light in the ultraviolet region of 450 nm or less is used, 
the plate can be used under a substantially safe light. However, the composition is sometimes sensitized by visible light 

35 of 500 nm or more. In such a case, by using a coloring agent (e.g., water-soluble dye) ensuring excellent transmission 
of light of the light source and favored with efficient absorption of light at 500 nm or more may be used, whereby the 
safelight suitability can be more increased without causing any reduction in the sensitivity. 

[01 57] In the case where a photosensitive material using the photopolymerizable composition of the present inven- 
tion is used as an image-forming material, the photosensitive material is usually subjected to imagewise exposure and 

40 then developed with a developer to remove the unexposed area of the photosensitive layer, thereby obtaining an image. 
When the photopolymerizable composition is used for manufacturing a lithographic printing plate, a developer 
described in JP-B-57-7427 is preferably used. The developer is suitably an aqueous solution of an inorganic alkali agent 
such as sodium silicate, potassium silicate, sodium hydroxide, potassium hydroxide, lithium hydroxide, sodium tertiary 
phosphate, sodium secondary phosphate, ammonium tertiary phosphate, ammonium secondary phosphate, sodium 

45 metasilicate, sodium bicarbonate or aqueous ammonia, or an aqueous solution of an organic alkali agent such as 
monoethanolamine or diethanolamine. The alkali agent is added such that the alkali solution has a concentration of 
from 0.1 to 10 wt%, preferably from 0.5 to 5 wt%. 

[0158] The above-described alkaline aqueous solution may contain, if desired, a surface active agent or an organic 
solvent in a small amount, such as benzyl alcohol, 2-phenoxyethanol or 2-butoxyethanol. Examples thereof include 
so those described in U.S. Patents 3,375,171 and 3,615,480. 

[0159] Furthermore, the developers described in JP-A-50-26601 , JP-A-58-54341, JP-B-56-39464 and JP-B-56- 
42860 are also excellent. 

[0160] In the plate-making process of a lithographic printing plate original plate to which the photopolymerizable 
composition o the present invention is suitably applied, the entire surface may be heated, if desired, before or during 
55 the exposure or in the term from exposure to development. By this heating, the image-forming reaction in the photosen- 
sitive layer is accelerated and advantageous effects can be obtained such as improvement of the sensitivity and the 
press life and stabilization of the sensitivity. Furthermore, for the purpose of improving the image strength and the press 
life, it is also effective to after-heat or expose the entire surface of the image after the development. If the temperature 
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is excessively high, problems may arise such as fogging of even the non-image area. In the heating after the develop- 
ment, a very severe condition is used, usually a temperature of from 200 to 500°C. If the temperature is low, a suffi- 
ciently high effect of reinforcing the image may not be obtained, whereas if it is excessively high, there arises a problem 
such as deterioration of the support or thermal decomposition of the image area. 
5 [01 61] In the exposure of the lithographic printing plate for scan exposure according to the present invention, known 
methods may be used without any limitation. The light source is preferably a laser and examples of the laser light source 
having a wavelength of from 350 to 450 nm, which is available at present and which can be used, include the fallowings: 

gas lasers such as Ar ion laser (364 nm, 351 nm, from 10 mW to 1 W), Kr ion laser (356 nm, 351 nm, from 10 mW 

w to 1 W) and He-Cd laser (441 nm, 325 nm, from 1 to 100 mW); 

solid lasers such as combination of NdrYAG (YV0 4 ) with SHG crystal x twice (355 nm, from 5 mW to 1 W) and com- 
bination of CrLiSAF and SHG crystal (430 nm, 10 mW); semiconductor laser type such as KNb0 3 , ring resonator 
(430 nm, 30 mW), combination of a guided wave-type wavelength sensing element with AIGaAs or InGAAs semi- 
conductor (from 380 to 450 nm, from 5 to 100 mW) and AIGalnN (from 350 to 450 nm, from 5 to 30 mW); and 

15 pulse lasers such as N 2 laser (337 nm, pulse: from 0.1 to 10 mJ) and XeF (351 nm, pulse: from 10 to 250 mJ). 

[0162] Among these, the AIGalnN semiconductor laser (commercially available InGaN-type semiconductor laser: 
from 400 to 410 nm, from 5 to 30 mW) is preferred in view of the wavelength properties and the cost. 
[0163] In addition, as the available light source which emit light of from 450 to 700 nm, Ar+ laser (488 nm), YAG- 
20 SHG laser (532 nm), He-Ne laser (633 nm), He-Cd laser and red semiconductor lasers (from 650 to 690 nm) may be 
suitably used, and as the available light source which emit light of from 700 to 1,200 nm, semiconductor lasers (from 
800 to 850 nm) and Nd-YAG laser (1,064 nm) may be suitably used. . 

[01 64] Furthermore, various mercury lamps of ultrahigh pressure, high pressure, medium pressure or low pressure, 
chemical lamp, carbon arc lamp, xenon lamp, metal halide lamp, ultraviolet laser lamps (e.g., ArF excimer laser, KrF 
25 excimer laser) and radioactive rays such as electron beam, X ray, ion beam and tar infrared ray, may be used. Among 
these, laser light sources of 350 nm or more are preferred because these are inexpensive. 

[0165] The exposure mechanism may be any of an internal surface drum system, an external drum system and a 
flat bed system. The components of the photosensitive layer for use in the present invention may have high water sol- 
ubility and thereby the photosensitive layer may be rendered to be soluble in neutral water or alkalescent water. For the 
30 lithographic printing plate having such a construction, a system of mounting the plate in a printing machine and then 
performing the exposure and development on the machine may be employed. 

[01 66] In addition to the use for the lithographic printing plate for san exposure, the photopolymerizable composition 
of the present invention can be widely applied without any limitation, to those which are known as the use of photocur- 
able resin. For example, when the present invention is applied to a liquid photopolymerizable composition using, if 

35 desired, a cation polymerizable compound in combination, a high-sensitivity photofabrication material can be obtained. 
Furthermore, by using changes in the refractive index upon photopolymerization, a hologram material may be obtained. 
By using changes in the surface tackiness upon photopolymerization, the present invention can be applied to various 
transfer materials (e.g., peel-type light-sensitive material, toner developing light-sensitive material). The present inven- 
tion can also be applied to photocuring of a microcapsule, to the production of an electron material such as photoresist, 

40 and to photocurable materials such as ink, coating material and adhesive. 

[01 67] The present invention is described in greater detail below by referring to the Examples, however, the present 
invention should not be construed as being limited to these examples. 

6ynthesis of Compound Having Structure Represented by Formula (I) of the Present Invention) 

45 

[0168] The compound of formula (I) can be easily synthesized from a corresponding acryl group-containing com- 
pound according to the method described in Secchaku no Gijutsu (Adhesion Technology) . Vol. 14, No. 4, Consecutive 
Vol.37, page 2 (1995). 

so Synthesis Example 1: Compound A-1 

[0169] Methyl acrylate (1.5 mol), an aqueous 37% formalin solution (1.0 mol) and tetrahydrofuran (100 ml) were 
charged into a flask. Thereto, DABCO (1,4-diazabicyclo[2,2,2]octane) (0.135 mol) was added and the mixture was 
stirred. After the reaction for 24 hours, 40 ml of 1N hydrochloric acid/200 ml of water ml were added and the reaction 
55 solution was extracted with ethyl acetate, dried over magnesium sulfate, filtered and concentrated under reduced pres- 
sure to obtain Compound A-1 in a yield of 30%. 

[0170] The structure of the compound was identified by NMR, MASS and IR. 
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Synthesis Example 2: Compound A-12 

[0171] Compound A-1 (1 .0 mo!) and tetrahydrofuran (1 00 ml) were charged into a flask. Thereto, NaH (1 .0 mol) was 
gradually added under ice cooling and after stirring for 30 minutes, benzyl bromide (1.0 mol) was added dropwise over 
5 1 hour. The mixture was returned to room temperature and stirred for 3 hours. After the reaction, 200 ml of water was 
added and the reaction solution was extracted with ethyl acetate, dried over magnesium sulfate, filtered and fully con- 
centrated under reduced pressure to obtain Compound A-12 in a yield of 80%. 
[0172] The structure of the compound was identified by NMR, MASS and IR. 

10 Synthesis Example 3: Compound A-1 7 

[0173] Compound A-1 (1.0 mol), ethyl acetate (100 ml), pyridine (1.0 mol) and DMAP (4-dimethylaminopyridine) 
(0.1 mol) were charged into a flask. Thereto, acetic acid chloride (1.0 mol) was added dropwise over 1 hour under ice 
cooling and the mixture was returned to room temperature and stirred for 3 hours. After the reaction, 200 ml of water 
15 was added and the ethyl acetate layer was extracted, dried over magnesium sulfate, filtered and fully concentrated . 
under reduced pressure to obtain Compound A-1 7 in a yield of 95%. The structure of the compound was identified by 
NMR, MASS and IR. 

Synthesis Example 4: Compound A-22 

20 

[0174] Compound A-1 (1.0 mol), ethyl acetate (100 mol), pyridine (1.0 mol) and DMAP (4-dimethylaminopyridine) 
(0.1 mol) were charged into a flask. Thereto, p-toluenesulfbnyl chloride (1 .0 mol) was added dropwise over 1 hour under 
ice cooling and the mixture was returned to room temperature and stirred for 3 hours. After the reaction, 200 ml of water 
was added and the reaction solution was extracted with ethyl acetate, dried over magnesium sulfate, filtered and fully 
25 concentrated under reduced pressure to obtain Compound A-22 in a yield of 90%. The structure of the compound was 
identified by NMR, MASS and IR. 

Synthesis Example 5: Compound A-33 

30 [0175] 2-(Bromomethyl)acrylic acid (produced by Aldrich) (1.0 mol) and chloroform (100 ml) were charged into a 
flask. Thereto, SOCl 2 (1 .0 mol) was added dropwise over 1 hour under ice cooling and the mixture was returned to room 
temperature and stirred for 2 hours. Thereto, n-butanol (2.0 mol) was added and after the reaction at room temperature 
for 24 hours, the reaction solution was concentrated under reduced pressure, 200 ml of water was added thereto, and 
the resulting solution was extracted with ethyl acetate, dried over magnesium sulfate, filtered and fully concentrated 

35 under reduced pressure to obtain Compound A-33 in a yield of 90%. The structure of the compound was identified by 
NMR, MASS and IR. 

Synthesis Example 6: Compound A-27 

40 [0176] 2-(Bromomethyl)acrylic acid (produced by Aldrich) (1.0 mol) and chloroform (100 ml) were charged into a 
flask. Thereto, SOCI 2 (1 .0 mol) was added dropwise over 1 hour under ice cooling and the mixture was returned to room 
temperature and stirred for 2 hours. Thereto, methanol (2.0 mol) was added and after the reaction at room temperature 
for 24 hours, the reaction solution was concentrated under reduced pressure, 200 ml of water was added thereto, and 
the resulting solution was extracted with ethyl acetate, dried over magnesium sulfate, filtered and fully concentrated 

45 under reduced pressure. Thereto, ethyl acetate (100 ml) and 2-mercaptobenzothiazole (1.0 mol) were added and fur- 
ther triethylamine (1 .0 mol) was added dropwise over 30 minutes under ice cooling. Thereto, 200 ml of water was added 
and the resulting solution was extracted with ethyl acetate, dried over magnesium sulfate, filtered and fully concentrated 
under reduced pressure to obtain Compound A-27 in a yield of 80%. The structure of the compound was identified by 
NMR, MASS and IR. 

50 

Synthesis Example 7: Compound A-38 

[0177] 2-(Bromomethyl)acrylic acid (produced by Aldrich) (1.0 mol) and chloroform (100 ml) were charged into a 
flask. Thereto, SOCI 2 (1 .0 mol) was added dropwise over 1 hour under ice cooling and the mixture was returned to room 
55 temperature and stirred for 2 hours. Thereto, methanol (2.0 mol) was added and after the reaction at room temperature 
for 24 hours, the reaction solution was concentrated under reduced pressure, 200 ml of water was added thereto, and 
the resulting solution was extracted with ethyl acetate, dried over magnesium sulfate, filtered and fully concentrated 
under reduced pressure. Thereto, ethyl acetate (100 ml) and morpholine (1 .0 mol) were added and further triethylamine 



114 



EP 1 091 247 A2 



(1 .0 mol) was added dropwise over 30 minutes under ice cooling. The mixture was stirred for 5 hours, 200 ml of water 
was added thereto and the resulting solution was extracted with ethyl acetate, dried over magnesium sulfate, filtered 
and fully concentrated under reduced pressure to obtain Compound A-38 in a yield of 70%. The structure of the com- 
pound was identified by NMR, MASS and IR. 

5 

Synthesis Example 8: Compound B-5 

[0178] A-1 (1 .5 mol) and acetone (100 ml) were charged into a flask. Thereto, n-butyl isocyanate (1 .0 mol) and di- 
n-butyltin dilaurate (0.001 mol) were added and the mixture was stirred at room temperature for 8 hours. Thereto, 200 

10 ml of water was added and the resulting solution was extracted with ethyl acetate, dried over magnesium sulfate, filtered 
and concentrated under reduced pressure. Thereto, tetrahydrofuran (100 ml) was added and NaH (1.0 mol) was grad- 
ually added under ice cooling. After stirring for 1 hours, p-methoxyphenol (0.01 mol) was added and the mixture was 
stirred at a bath temperature of 80°C for 10 hours. After stirring, 200 ml of water was added and the resulting solution 
was extracted with ethyl acetate, dried over magnesium sulfate, filtered, fully concentrated under reduced pressure, 

15 separated by silica gel column chromatography (hexane/ethyl acetate = 9/1), and then concentrated under reduced 
pressure to obtain Compound B-5 in a yield of 20%. The structure of the compound was identified by NMR, MASS and 
IR. 

Synthesis Example 9: Compound C-1 

20 

[0179] 1 ,6-Hexanediol diacrylate (produced by Nakamura Kagaku) (0.75 mol), an aqueous 37% formalin solution 
(1 .0 mol) and tetrahydrofuran (100 ml) were charged into a flask. 

[0180] Thereto, DABCO (0.135 mol) was added and the mixture was stirred. After the reaction for 24 hours, 40 ml 
of 1 N hydrochloric acid/200 ml of water were added and the reaction solution was extracted with ethyl acetate, dried 
25 over magnesium sulfate, filtered, concentrated under reduced pressure, separated by silica gel column chromatography 
(hexane/ethyl acetate = 9/1 ) and then concentrated under reduced pressure to obtain Compound C-1 in a yield of 20%. 
The structure of the compound was identified by NMR, MASS and IR. 

Synthesis Example 10: Compound D-7 

30 

[0181] Compound A-1 (1.0 mol), ethyl acetate (100 ml), pyridine (1.0 mol) and DMAP (4-dimethylaminopyridine) 
(0.1 mol) were charged into a flask. Thereto, butanedioyl dichloride (0.5 mol) was added dropwise over 1 hour under 
ice cooling and the mixture was returned to room temperature and stirred for 3 hours. After the reaction, 20 ml of water 
was added and the reaction solution was extracted with ethyl acetate, dried over magnesium sulfate, filtered and con- 
35 centrated under reduced pressure to obtain Compound D-7 in a yield of 80%. The structure of the compound was iden- 
tified by NMR, MASS and IR. 

Synthesis Example 1 1 : Compound E-4 , 

40 [0182] Pentaerythritol tetraacrylate (produced by Nakamura Kagaku) (0.375 mol), an aqueous 37% formalin solu- 
tion (1.0 mol) and tetrahydrofuran (100 ml) were charged into a flask. 

[0183] Thereto, DABCO (0.135 mol) was added and the mixture was stirred. After the reaction for 24 hours, 40 ml 
of 1N hydrochloric acid/200 ml of water were added and the reaction solution was extracted with ethyl acetate, dried 
over magnesium sulfate, filtered, concentrated under reduced pressure, separated by silica gel column chromatography 
45 (hexane/ethyl acetate = 9/1 ) and concentrated under reduced pressure to obtain Compound E-4 in a yield of 10%. The 
structure of the compound was identified by NMR, MASS and IR. 

Synthesis Example 12: Compound F-3 

so [0184] Compound A-1 (1.0 mol), ethyl acetate (100 ml), pyridine (1.0 mol) and DMAP (4-dimethylaminopyridine) 
(0.1 mol) were charged into a flask. Thereto, trimesoyl chloride (0.34 mol) was added dropwise over 1 hour under ice 
cooling and the mixture was returned and stirred for 3 hours. After the reaction, 200 ml of water was added and the ethyl 
acetate layer was extracted, dried over magnesium sulfate, filtered and fully concentrated under reduced pressure to 
obtain Compound F-3 in a yield of 70%. The structure of the compound was identified by NMR, MASS and IR. 

55 

Synthesis Example 13: Compound G-5 

[0185] Compound A-1 (0.8 mol), acetone (100 ml), pyridine (1.0 mol) and DMAP (4-dimethylaminopyridine) (0.1 
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mol) were charged into a flask. Thereto, a 30 wt% solution (an amount of giving a COCI group content of 1.0 mo! based 
on Compound A-1 ) of polyacrylic acid chloride having a weight average molecular weight of 20,000 separately obtained 
by the radical polymerization of acrylic acid chloride and Thermal Polymerization Initiator V-601 (produced by Wako 
Junyaku) was added under ice cooling. The mixture was returned to room temperature and stirred for 24 hours. After 

5 the reaction, 200 ml of water was added and the mixture was further stirred for 24 hours. The reaction solution was 
added dropwise to 100 ml of 1N hydrochloric acid/1 L of water, the polymer precipitate was taken out, dissolved in ethyl 
acetate and dried over magnesium sulfate, and thereto p-methoxyphenol was added to have a concentration of about 
500 ppm. The resulting solution was concentrated under reduced pressure while controlling to have a solid concentra- 
tion of 30%. As a result, Compound G-5 was obtained in a yield of 90%. The structure of the compound was identified 

l 0 by GPC, NMR and IR. 

Synthesis Example 14: Compound G-13 

[0186] 2-(Bromomethyl)acrylic acid (produced by Aldrich) (0.8 mol) and chloroform (100 ml) were charged into a 
15 flask. Thereto, SOCl 2 (0.8 mol) was added dropwise over 1 hour under ice cooling. The mixture was returned to room 
temperature and stirred for 2 hours. After the concentration under reduced pressure, acetone (100 ml) was added and 
thereto, a novolak (in an amount of giving an OH group content of 1.0 mol based on the 2-(bromomethyl)acrylic acid) 
having a weight average molecular weight of 4,000 synthesized from m-cresol, p-resol and formalin in the presence of 
an oxalic acid catalyst was added. Further thereto, triethylamine (0.8 mol) was added dropwise over 1 hour. After the 
20 reaction at room temperature for 24 hours, the reaction solution was added dropwise to 1 00 ml of 1 N hydrochloric acid/1 
L of water, the polymer precipitate was taken out, dissolved in ethyl acetate and dried over magnesium sulfate, and 
thereto p-methoxyphenol was added to have a concentration of about 200 ppm. The resulting solution was concen- 
trated under reduced pressure while controlling to have a solid concentration of 30%. As a result, Compound G-13 was 
obtained in a yield of 80%. The structure of the compound was identified by GPC, NMR and IR. 
25 [0187] All compounds specifically described can be synthesized in the same manner as above. 

Example 1 of Photopoiymerizable Composition 

(Preparation of Support) 

30 

[01 88] A 0.3 mm-thick aluminum plate was etched by dipping it in 1 0 wt% sodium hydroxide at 60°C for 25 seconds, 
washed with running water, neutralization washed with 20 wt% of nitric acid and then washed with water. The resulting 
plate was subjected to an electrolytic graining treatment in 1 wt% of an aqueous nitric acid solution using a sinusoidal 
wave alternating current at an anodic time electricity of 300 coulomb/dm 2 . Subsequently, the aluminum plate was 
35 dipped in 1 wt% of an aqueous sodium hydroxide solution at 40°C for 5 hours, desmutted at 60°C for 40 seconds in 30 
wt% of an aqueous sulfuric acid solution, and then anodized for 2 hours at a current density of 2 A/dm 2 in 20 wt% of 
aqueous sulfuric acid solution to have an anodic oxide film thickness of 2.7 g/m 2 . The surface roughness measured was 
0.3 u.m (Ra indication according to JIS B0601). 

[01 89] On the back surface of the thus-treated substrate, the following sol-gel reaction solution was coated by a bar 
40 coater and dried at 100°C for 1 minute to prepare a support having provided thereon a backcoat layer in a dry coated 
weight of 70 mg/m 2 . 

Sol-gel reaction solution: 

45 [0190] 



Tetraethyl silicate 


50 parts by weight 


Water 


20 parts by weight 


Methanol 


15 parts by weight 


Phosphoric acid 


0.05 part by weight 



55 

[01 91] These components were mixed and stirred, then within about 5 minutes, generation of heat started. After the 
reaction for 60 minutes, the following solution was added to prepare a coating solution for the backcoat layer. 
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Pyrogallol formaldehyde condensed resin (molecular weight: 2,000) 


4 parts by weight 


Dimethyl phthalate 


5 parts by weight 


Fluorine-based surfactant (N-butylperfluorooctane sulfonamide ethyl acrylate/polyoxyeth- 
ylene acrylate copolymer, molecular weight: 20,000) 


0.7 parts by weight 


Methanol silica sol (produced by Nissan Chemical Industry, Ltd., methanol: 30 wt%) 


50 parts by weight 


Methanol 


800 parts by weight 



(Preparation of Photosensitive Layer) 

[0192] On the thus-treated aluminum plate, a photopolymerizable composition having the following composition 
was coated to have a dry coated amount of 1 .5 g/m 2 and then dried at 100°C for 1 minute to form a photosensitive layer. 

(Solution for Forming Photosensitive Layer) 

[0193] 



Compound [X] having a polymerizable group of the present invention or for comparison shown 
in Table A below) 


1.5 g 


Photopolymerization initiator [Y] shown in Table A below) 


0.3 g 


Polymer binder [Z] shown in Table A below 


2.0 g 


Polymerizable compound [R] shown in Table A below 


5 g (see Table A) 


Additive [S] shown in Table A below 


0.4 g 


Fluorine-based surfactant (Megafac F-177, produced by Dai-Nippon Ink & Chemicals, Inc.) 


0.03 g 


Thermal polymerization inhibitor (N-nitrosophenylhydroxylamine aluminum salt) 


0.01 g 


Pigment dispersion 


2.0 g 



Composition of Pigment Dispersion 
[0194] 



Composition: Pigment Blue 15:6 


15 parts by weight 


Ally! methacrylate/methacrylic acid copolymer (copolymerization molar ratio: 83/17) 


10 parts by weight 


Cyclohexanone 


15 parts by weight 


Methoxypropyl acetate 


20 parts by weight 


Propylene glycol monomethyl ether 


40 parts by weight 


Methyl Ethyl ketone 


20 g 


Propylene glycol monomethyl ether 


20 g 
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10 



15 



20 



(Preparation of Protective Layer) 

[0195] In some Examples, an aqueous solution containing 3 wt% of polyvinyl alcohol (saponification degree: 98 
mol%, polymerization degree: 550) was coated on the photosensitive layer to have a dry coated weight of 2 g/m 2 and 
dried at 100°C for 2 minutes. 

(Evaluation of Sensitivity) 

[0196] The thus-obtained light-sensitive materials were evaluated on the sensitivity by varying the light source 
according to the exposure wavelength of each light-sensitive material. 

[0197] For example, the light-sensitive material was exposed in air using a semiconductor laser of 400 nm, an FD- 
YAG laser of 632 nm and a semiconductor laser of 830 nm, and developed by dipping it in a developer having the fol- 
lowing composition at 25°C for 10 seconds. From the minimum exposure amount necessary for forming an image, the 
sensitivity in the unit of mJ/cm 2 under respective exposure conditions was calculated. As the numerical value obtained 
is smaller, the sensitivity is higher. However, with the difference of the light source wavelength, the energy amount per 
one photon changes and simply thought, as the wavelength is shorter, the photosensitization can be usually attained 
with a smaller exposure amount. Accordingly, comparison of the sensitivity between different exposure conditions has 
no meaning and Table B is set forth to compare the difference between Example and Comparative Example under the 
same exposure conditions. The results are shown in Table B. 

(Composition of Developer) 

[0198] 



25 



30 



DP-4 (produced by Fuji Photo Film Co., Ltd.) 
Water 

Lipomin A (20% aqueous solution, produced by Lion) 



65.0 g 
880.0 g 
50.0 g 



(Evaluation of Storage Stability) 



35 



40 



[0199] The light-sensitive materials obtained above before the exposure to a laser were left standing under a high 
temperature condition (60°C) for 3 days. These light-sensitive materials after the storage were exposed to a laser in the 
same manner as above and the energy amount necessary for the recording was calculated. From the values calculated, 
an energy ratio between before and after the storage at a high temperature (energy after high temperature stor- 
age/energy after high temperature storage) was obtained. In view of the production, this energy ratio is preferably 1.1 
or less. With this energy ratio, good storage stability can also be obtained. 
[0200] The results of this evaluation are also shown in Table B below. 



45 



50 



55 
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Table A: Light-Sensitive Material 











r 




Presence 
or Absence 
of 

Protective 


Light 
Source 




X 


y 


Z 


R(r) 


S 


Layer 


(nm) 


Example 1 


C-l 


Y-l 


Z-l 


none 


none 


present 


400 


Example 2 


C-9 


Y-l 


z-i 


none 


none 


present 


400 


3 


D-17 


Y-2 


Z-2 


none 


S-l 


present 


400 




D-18 


Y-2 


Z-2 


none 


S-2 


present 


400 




E-2 


Y-l 


Z-2 


none 


S-3 


present 


400 




E-20 


Y-2 


Z-l 


none 


S-4 


Dresent 


400 




F-3 


Y-l 


Z-l 


none 


S— 3 


£JX *— 1 1 V— 


400 




F-8 


Y-l 


Z-2 


R-l (0 . 5) 


S— 1 




400 




G-l 


Y-l 


none 


R-l (0 . 1) 


S— 1 




400 






Y-l 


none 


R-2 (1.0) 










1H-1 


Y-2 


Z-l 


none 


none 




400 




U-l 


Y-l 


Z-2 


none 


none 


present 


400 




-A. 1 — X 


Y— 1 


z— 1 


none 


none 




400 


Example 1 
















Comparative 


xc-9 


Y-l 


Z-l 


none 


none 


present 


400 


Example 2 


















'*d-17 


Y-2 


Z-2 


none 


S-l 


present 


400 




xd-18 


Y-2 


Z-2 


none 


S-2 


present 


400 




xe-2 


Y-l 


Z-2 


none 


S-3 


present 


400 




xe-20 


Y-2 


Z-l 


none 


S-4 


present 


400 




xf-3 


Y-l 


Z-l 


none 


S-3 


present 


400 




xf-8 


Y-l 


Z-2 


R-l (0.5) 


S-l 


present 


400 




xg-1 


Y-l 


none 


R-l (1.0) 


S-l 


present 


400 




lxg-3 


Y-l 


none 


R-2 (1 .O) 


none 


present 


400 




lxh-1 


Y-2 


Z-l 


none 


none 


present 


400 




3xj-l 


Y-l 


Z-2 


none 


none 


present 


400 


Example 13 


C-2 


Y-3 


Z-l 


R-l (0.5) 


none 


present 


532 


Example 14 


C-8 


Y-3 


Z-l 


none 


none 


present 


532 


15 


D-13 


Y-4 


Z-l 


none 


S-l 


present 


532 


16 


D-15 


Y-4 


Z-2 


none 


S-2 


present 


532 


17 


E-l 


Y-5 


Z-2 


none 


S-3 


present 


532 


18 


E-21 


Y-4 


Z-l 


none 


S-4 


present 


532 


19 


F-4 


Y-5 


Z-l 


none 


S-3 


present 


532 


20 


F-10 


Y-3 


Z-2 


none 


S-2 


present 


532 


21 


G-2 


Y-4 


none 


R-l (1.0) 


S-2 


present 


532 


22 


G-10 


Y-3 


none 


R-2 (1.0) 


none 


present 


532 


23 


H-2 


Y-3 


Z-l 


none 


none 


present 


532 


24 


J- 3 


Y-3 


Z-2 


none 


none 


present 


532 
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Table A (continued) : Light-Sensitive Material 

Presence 
or Absence 

of Light 
Protective Source 



10 



35 



40 





X 


Y 


Z 


R(r) 


S 


Layer 


(nm) 


Comparative 


xc-2 


Y-3 


2-1 


R-l (0.5) 


none 


present 


532 


Example 13 
















Comparative 


xc-8 


Y-3 


2-1 


none 


none 


present 


532 


Example 14 
















" 15 


xd-13 


Y-4 


Z-l 


none 


S-l 


present 


532 


16 


xd-15 


Y-4 


Z-2 


none 


S-2 




532 


17 


xe-1 


Y-5 


2-2 


none 


S-3 


present 


532 


18 


xe-21 


Y-4 


2-1 


none 


S-4 




532 


19 


xf-4 


Y-5 


Z-l 


none 


S-3 




532 


20 


xf-10 


Y-3 


Z-2 


none 


S-2 


present 


532 


21 


xg-2 


Y-4 


none 


R-l (1.0) 


S-2 


present 


532 


22 


xg-10 


Y-3 


none 


R-2 (1.0) 


none 


present 


532 


23 


xh-2 


Y-3 


Z-l 


none 


none 


present 


532 


24 


xi-3 


Y-3 


Z-2 


none 


none 


preset J *- 


532 


Examnle 25 


C-3 


Y-6 


z-l 


R-l (0.5) 


none 


none 


830 


Eyamnle 26 


C-10 


Y-6 


Z-l 


none 


none 


none 


830 


" . - : 27 


D-4 


Y— 6 


Z-l 


none 




none 


830 


28 


D-18 


Y-7 


Z-2 


none 


S-5 


none 


830 


29 


E-7 


Y-7 


Z-2 


none 


S-6 


none 


830 


30 


E-9 


Y-8 


Z-l 


none 


S-7 


none 


830 


31 


F-5 


Y-8 


Z-l 


none 


none 


none 


830 


32 


F-ll 


Y-8 


Z-2 


none 


none 


none 


830 


33 


G-5 


Y-8 


none 


R-l (1.0) 


none 


none 


830 


34 


G-12 


Y-9 


none 


R-2(1.0) 


none 


none 


830 


35 


H-l 


Y-9 


Z-l 


none 


none 


none 


830 


36 


J- 7 


Y-9 - 


Z-2 


none 


none 


none 


830 


Comparative 


xc-3 


Y-6 


Z-l 


R-l (0.5) 


none 


none 


830 


Example 25 
















Comparative 


Xc-10 


Y-6 


z-i 


none 


none 


none 


830 


Example 26 
















H 27 


xd-4 


Y-6 


Z-l 


none 


S-5 


none 


830 


28 


xd-18 


Y-7 


Z-2 


none 


S-5 


none 


830 


29 


xe-7 


Y-7 


Z-2 


none 


S-6 


none 


830 


30 


xe-9 


Y-8 


Z-l 


none 


S-7 


none 


830 


31 


xf-5 


Y-8 


Z-l 


none 


none 


none 


830 


32 


xf-11 


Y-8 


Z-2 


none 


none 


none 


830 


33 


xg-5 


Y-8 


none 


R-l(l.O) 


none 


none 


830 


34 


xg-12 


Y-9 


none 


R-2 (1.0) 


none 


none 


830 


35 


xh-1 


Y-9 


Z-l 


none 


none 


none 


830 


36 


xi-7 


Y-9 


Z-2 


none 


none 


none 


830 
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Table B: Evaluation Results 

r 





Sensitivity 
(mJ/cm 2 ) 


Storage Stability 




(Ratio) 


Examole 1 


0.05 ' 


1 . 05 


■i 2 


0.1 


1 . 0 


3 


0.1 


1.0 


4 


0.1 


1 . 05 


5 


0.1 


1 O 


6 


0.1 


1 o 

X . V 


7 


0 . 1 


1 OR 


8 


0. 05 


X • X 


9 


0.05 


X . X 


10 


0 . 05 


J- . U3 


11 


0 . 1 


X . \JZJ 


12 


O 1 

\J ■ JL 


X . Uj 


UUIupal a Ulvc 


n o 

W m A 


^ - u 








ii 2 


0.2 




3 


0.2 


1.5 


4 




JL - O 






X • .3 






X . 3 


7 






o 
o 


0 . 3 


X . Zj 


9 


\j . x _» 




i n 

-L 1/ 


n i r 






n ^ 


J. . 3 


X £. 


O 2 
v . ^ 








J. . u 


« 14 


0.1 


1 . 0 


15 


0.1 


1.0 


16 


0.1 


1.05 


17 


0.1 


1.0 


18 


0.1 


1.0 


19 


0.15 


1.1 


20 


0.1 


1.1 


21 


0.1 


1.05 


22 


0.1 


1.0 


23 


0.15 


1.05 


24 


0.1 


1.05 
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Table B (continued) : Evaluation Results 







Sensi ti vi ty 


r 

Storage Stability 






(mJ/cm ) 


(Ratio) 


Comparative 


0.3 


1.5 


Example 


13 






it 


14 


0.3 


1.5 




15 


0.2 


1 . 5 




16 


0 . 2 


1 . 5 




17 


0.3 


1.5 




18 


0.4 


1.5 




19 


0.3 


2.0 




20 


0.3 


1.5 




21 


0.2 


2.5 




22 


0.3 


2.0 




23 


0.3 


1.5 




24 


0.3 


1.5 


Example 


25 


100 


1.05 


ii 


26 


100 


1.0 




27 


100 


1.0 




28 


90 


1 . 0 




29 


110 


1 . 1 




30 


100 


1.0 




31 


110 


1.0 




32 


100 


1.0 




33 


90 


1.1 




34 


90 


1.1 




35 


100 


1.0 




36 


100 


1.0 


Comparative 


150 


1.5 


Example 


25 






ii 


26 


250 


1.5 




27 


150 


1 . 5 




28 


200 


1.5 




29 


300 


2.0 




30 


200 


2.0 




31 


150 


2.0 




32 


150 


2.0 




33 


150 


1.5 




34 


200 


1.5 




35 


300 


2.0 




36 


200 


2.0 
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Compounds in Examples 
[0201] 




(0.07g) 
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r 

Copolymer of benzyl methacrylate/methacrylic acid 

5 

70/30 mol%, Mw: 30,000 

ZzZ 

10 Copolymer of allyl methacrylate/methacrylic acid 

80/20 11101%, Mw: 40,000 

15 

Pentaerythritol tetraacrylate (ATMMT) 
20 Dipentaerythritol hexaacrylate (DPHA) 



35 



40 



45 



50 



55 
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(0.30g) O 



40 



45 



50 
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Compounds in Comparative Examples: 
[0202] 



Xc-1 



Xc-9 



" CO || 

I ° 



o ,o 

Xd-17 

^cor^ oco ^^ cor^ OCO~^ COz^ OCO^ 



Xd-18 

CONH^^^ NHCO^^- CO^~- OCCK^ 



C0 2 ' OCO ' 



Xe-2 




occr^ 
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Xe-20 
^CO 



Xf-3 




6so 2 ^Q- 





oooVy^occr'V 

080,-0- 

ecv^oco^. 



occh 



Xf-8 



^C0 3 



CO, 



^co,<~^ oco 



-co, 



OCCK^ 
-OCO^H 



Xg-1 



-t CH 2fHh5- -fCHjCH}^ "(CH 2 CH /10 



I 

OCCK^ 



I 

OH 



OCOCH 3 

Mw 20000 



Xg-3 



Xh-1 



-tCHaCHfe- -f^CHfe- ~ [CH 2 CH^- 
C0 2 ^\^ OCO^ C0 2 ^^ 0H C0 2 H 

Mw 30000 

<s ^C0 2 -i OCO'^s- 



^C0 2 «— OCCK^ 



Xj-1 



A, 
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Xc-2 



Xc-8 



^ c02 -O ho ~0~ oco ^ 



Xd-13 



NHCO,^^OCO^ 



Xd-15 



-OSO, 



SOoCK^ — OCO-"^- 



Xe-1 



OCCK% 



Xe-21 



n | C0 2 . 
NHCOCH3 



'.> ] "C0 2 

NHCOCH3 



oco 

NHC0CH3 



■ OCO Y" "OCCK^ 
NHCOCH3 
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Xf-4 



^ /v^OCO- 7 ^- co 2 ^^ oco ^ 



Xf-10 



Xg-2 



Xg-10 



Xh-2 



Xj-3 



C M CH 2^0CO V ^ 

CO^CH^OCO^ 

-fCH 2 CH^ -fCHjCH)^ -fCH.CH^ 
OCCK^ OH OCOCH 3 

Mw 15000 

~{CH 2 CH) fCH 2 CH) 

Mw 10000 





OCCK^ OH 



*^CO,- .OCO^ 



'2 



CO 



2 



*o' 



*oco^% 



^^CO/ "OH 
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Xc-3 

^C0 2 

Xc-10 



<L<3 o 

Xd-4 
Xd-18 

^ ^ QC0 ^CONH--^NHCCKN^C0 2 -^OCO^ 

CO2 



Xe-7 

OCOn^n OCCK^ 

Xe-9 
Xf-5 

OCCK^ 
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Xg-5 



Xg-12 



Xj-7 



Xa-1 



Xb-5 



Xd-1 



Xf-1 



Xg-8 



Xj-12 



\ 

co 2 



I - 30 
C0 2 H 



Mw 20000 



OH 



10 

Mw 5000 



CO, 



OCO 



CO 




2 A / 



C— N-C — O-CH, 
II / II 



II / il 

o S 0 



^co 2 -^ 0 ' 

C0 2 H 



OCCK^ 



— oco-"%. 

C0 2 H 

O^Y^-OCCK^ 
C0 2 H 




CH 3 



50 



— {CH 2 CH^j- Mw 20000 



co 2 — ' oco ^ 



I 

C0 2 H 




[0203] It is seen from Table B that the light-sensitive materials of the present invention have high sensitivity and 
good storage stability. 
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Example 2 of Photopolymerizable Composition 

[0204] On PET (polyethylene terephthalate), a photopolymerizable composition solution having the following com- 
position was coated to have a dry coated weight of 2.0 g/m 2 and then dried at 80°C for 1 minute to form a photosensitive 
5 layer. 

(Photopolymerizable Composition Solution) 
[0205] 

10 



15 



Compound [S] having a polymerizaWe group of the present invention or for comparison shown in Table C 
below 


1.5 g 


CGI-784 (produced by Ciba Geigy, titanocene-based initiator) 


0.2 g 


Polymethyl methacrylate (Mw: 30,000, Mw/Mn = 1.3) 


2.0 g 


Fluorine-based surfactant (Megafac F-177, produced by Dai-Nippon Ink & Chemicals, Inc.) 


0.03 g 


Methyl ethyl ketone 


20 g 


1 -Methoxy-2-propanol 


20 g 



(Evaluation of Sensitivity) 

25 

[0206] The thus-obtained light-sensitive materials each was cut into a square of 10 cm x 1 0 cm and light of a high- 
pressure mercury lamp was irradiated thereon in air to give a sensitivity of 300 mJ/cm 2 on the light-sensitive material. 
Thereafter, the weight (Wi g) of the light-sensitive material was measured. Thereafter, this was dipped in methyl ethyl 
ketone/1 -methoxy-2-propanol = 50 wt%/50 wt% at 25°C for 10 minutes, developed with a solvent and dried, and then 
30 the weight (Wf g) was measured. 

[0207] The sensitivity was evaluated good or bad using the degree of hardening defined by the following formula: 

Degree of Hardening (%) = 100 - (Wi - Wf)/2 (%) 

35 [0208] As the degree of hardening is closer to 100%, the sensitivity is higher. The results are shown in Table C 
below. / 



Table C 



40 


Evaluation Results 






[X] 


Degree of Hardening (%) 




Example 37 


A-4 


40 


45 


Example 38 


B-5 


40 




39 


C-1 


70 




40 


D-1 


70 




41 


E-1 


70 


50 


42 


F-1 


60 




43 


G-8 


70 




44 


H-1 


80 


55 


45 


J-12 


60 




Comparative Example 37 


xa-1 


0 




Comparative Example 38 


xb-5 


0 
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Table C (continued) 



10 



Evaluation Results 






ucvjicc ui ndi utJi ill iy \/0f 


39 


XC-1 


0 


0 


xd-1 


0 


0 


xe-1 


0 


0 


xf-1 


0 


5 


xg-8 


5 


0 


xh-1 


0 


0 


xj-12 


0 



15 

[0209] It is seen from Table C that the photopolymerizable composition of the present invention is hardened even 
in the absence of a protective layer against oxygen, insusceptible to oxygen and favored with high sensitivity. 
[0210] According to the present invention, a photopolymerizable composition capable of successfully ensuring both 
20 high sensitivity and excellent storage stability, as a radical photopblymerization-system composition which is highest in 
the sensitivity and very promising out of the image-forming techniques, can be provided. Particularly, a photopolymer- 
izable composition suitable as a lithographic printing plate material capable of making a printing plate directly from dig- 
ital data of a computer or the like by the recording using a solid laser or semiconductor laser which emits an ultraviolet 
ray, a visible ray or an infrared ray, can be provided. 

25 

Claims 

1 . A photopolymerizable composition comprising a compound having a structure represented by the following formula 
. (I) and a photopolymerization initiator: 

30 



35 




wherein X 1 and X 2 each independently represents a hetero atom or a halogen atom, R a and R b each independently 
40 represents a hydrogen atom, a halogen atom, a cyano group or an organic residue, and X 1 and X 2 , R a and R b , or 
X 1 and R a or R b may combine with each other to form a cyclic structure. 

2. A lithographic printing plate original plate comprising the photopolymerizable composition as claimed in claim 1. 

45 3. The photopolymerizable composition as claimed in claim 1 , wherein said composition is photosensitized by a laser 
light source having a wavelength of 300 to 1 ,200 nm. 

4. The photopolymerizable composition as claimed in claim 3, wherein said composition further comprises a sensitiz- 
ing dye. 

50 

5. The photopolymerizable composition as claimed in claim 1 , wherein said compound having a structure represented 
by the formula (I) has at least two structures represented by the formula (I). 

6. The photopolymerizable composition as claimed in claim 1 , wherein said compound having a structure represented 
55 by the formula (I) has at least three structures represented by the formula (I). 

7. The photopolymerizable composition as claimed in claim 1 , wherein said compound having a structure represented 
by the formula (I) has a molecular weight of 4,000 or more. 
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8. The photopolymerizable composition as claimed in claim 1, wherein X 2 in the formula (I) is methoxy group. 

9. The photopolymerizable composition as claimed in claim 1 , wherein X 1 in the formula (I) contains O, S, N or OCO. 
5 10. The photopolymerizable composition as claimed in claim 1, wherein X 1 in the formula (I) contains O. 

11. The photopolymerizable composition as claimed in claim 1, wherein X 1 in the formula (I) contains OCO. 

12. The photopolymerizable composition as claimed in claim 1, wherein said composition further comprises an acr- 
10 yiate or methacrylate compound. 

13. The photopolymerizable composition as claimed in claim 1, wherein an amount of said compound having a struc- 
ture represented by the formula (I) is 10 to 70 wt% based on the weight of ail the components. 

15 14. The photopolymerizable composition as claimed in claim 1 t wherein said composition further comprises an alkali- 
soluble linear polymer. 



20 



25 



30 



35 



40 



45 



50 
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